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ABS'IR\Cf 
The purpose of this study was to  i nvest iga t e  the ro l e  of 
i nforma t i ve f een1�ck in CA I  and t o  exam i ne possibl e i nt eract i ons 
be tween l ear11 i ng styl e and type of feedback . An adn i t i ona l focus o f  
the study was a subjec t ma t t er error ana l ys i s  tha t  provi ded t he bas i s  
for two of the s i x  t ypes of feedback stud i ed .  These two t ypes of 
feenback were hypothes i z ed to  be more e f f ect i ve t l1an t he four types of 
feedback tha t  were devel oped wi thout consi dera t i on for coomon errors 
in the subj ect  mat t er .  
The study invol ved a two fac t or ( f eedback and l earni ng styl e )  
repea t ed measures des i gn .  The part i c i pants were 106 undergradua t e  
student s  who ccrnpl e t ed the I nven tory o f  Learn i ng Processes ( ILP) , t ook 
a pret es t , ran a concept t eaching C�I l esson , and f i n i shed bot h  an 
imned i a t e  pos t t es t  and a l ong t erm ( two to four weeks ) re t en t i on t es t . 
The resu l t s  i nd i cated that t he t wo  types o f  feedba ck tha t  were 
based on the subject  ma t t er error ana l ys i s  (correct i ve [mi sconcep t i on] 
f eedb::tck and process feedback) were more e ffect i ve t han the t ypes o f  
feedback t ha t  were no t re l a t ed t o  the error ana l ys i s .  Regard i ng 
l ea rn i ng sty l e ,  t he t wo  groups ( t he deep , e l aboraLive group and t he 
sha l l ow, re i tera t i ve group) did no t dif f er on measures of i mmedia t e  
performance but were s i gni f i cant l y d i f ferent on t he l ong- t erm 
re t en t ion t est . The deep , e l abora t ive l earners re t a i ned more 
knowl edge . Th i s  is cons i st en t  wi th theori es on l earn i ng styl es (Cra ik 
i v  
knowl edge . Th i s  is cons i s t ent wi th t heor i es on l earn i ng styl es (Cra i k  
& Th l vi ng ,  1 9 7 5 ;  Schmeck , 19 8 3 ) . 
The resul t s  of int erac t i ons be tween feedback and l earn i ng st y l e  
were s i gni f i cant . The i n t e rac t i on compar i sons suggest ert t ha t  sha l l ow, 
re i t era t ive l earners bene f i t ed more cons i s t en t l y  f ran feedback t ha t  
was basect on i dent i f i ed reasons for errors (both l earn i ng styl e groups 
bene f i t ed from t h i s  feeback ,  hu t t he sha l l ow, re i t era t i ve group 
benef i t ed more consist ent l y ) . The int erac t i on compar i sons a l so showed 
t ha t  t he deep , e l abora t ive l earners bene f i t ed f ro� a fo� o f  feedback 
t hat  s i �) l y  repeat ed and app l i ed t he concept d i f i n i t i ons ( as we l l  as 
from corre c t i ve [misconcept i on] f eedbacl< anct process f eectback) ,  whi l e  
t he sha l l ow, rei t erat i ve 1 earners performed s i gn i f i cant l y l ower wi t h  
this type o f  f eedback . Compared to  the deep , e l abora t i ve l ea rners , 
t he shal l ow, r e i t erat i ve l earners benef i t ed more f ran t he feedback 
ctesi gned to f i t  i den t i f i ed subjec t  ma t t er errors . 
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O"IAPIER 1 
I NTIOXJCfiCN 
Conputer assisted instruction (0\.I) may have a strength in the 
ability to use feedback promptly and effectively, based on a student's 
performance (Gilman, 1 9 6 7; Roberts & Park, 1 9 84; Roblyer, 1 9 8 5; Roper 
1 9 7 7 ) . C�I evaluation systems (Rlease, 1 9 86; Kleiman, Humphrey, & 
Buskirk; Hl8 1; 1'v1arshall & C'.-annings, 1 9 8 4; \tcPherson-Turner, 1 9 79; 
Walker & Hess, 1 9 84 ) usually assert that feedback is an important 
canponent of C�I, although few of these sources specify how, or under 
what circumstances, the different types of feedback should be used . 
Some experts (Cart",'VI'ight, 1 9 7 6; Cramer, 1 9 84; \1eadowcra ft, 1 9 7 6 )  have 
reported that feedback is often used inappropriately in 0\I software. 
The research on feedback in C�I is not consistent anri has not related 
types of feedback to student variables (different students may benefit 
fran different types of feedback). In addition, most of the C�l 
feedback research has failed to specify the processes used to develop 
the types of feedback studied, and the characteristics of the subject 
matter that might relate to type of feedback . The purpose of this 
study was to examine the role of inforrnat ive feedhac1< in concept 
teaching 0\I , and to investigate possible interactions between type of 
feedback and student variables (student learning styles). Another 
unique aspect of this study was the systematic analysis of the subject 
1 
matter, conducted so that types of feedback could be developed to 
match the characteristics of the subject rm.tter . 
2 
OI-WIER 2 
LITEKATUHE REVIEW 
A number of different bodies of literature are relevant to the 
study of infol'!native feedback in 0\I and to interactions between 
feedback ami student learning styles . There is much theory and 
research on feedbacK in instruction, althou�h most of the feectback 
research involved programned instruction, rather than Ci\1 . Another 
relevant body of literature covers the instructional rl.esign process, 
especially procedures for analyzing a subject matter . This is 
important because instructional feedback may he 1nost effective when it 
is based on an analysis of the subject rmtter . A final source of 
literature is the growing number of articles and hooks on student 
learning styles and relationships between learning styles and 
instruction . 
Infol'!native Feectback 
Types of Feedback 
In instructional settings, feedbacK is the infoi'!Tlation that 
follows a learner's response. TI1is infol'!nation can take a variety of 
foi'!nS and rmy serve different purposes, depending on whether it 
follows correct responses or incorrect responses . 
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Skinn er ( 1 9 5 8 )  emphasi z ed the impor t an ce of f eedback f o l low ing 
correc t resp on s e s . In t eaching ma chine p rograms t here are supposed t o  
be f ew incorrect responses and many correc t respon ses . The 
con f irma t i on ( in t he form of feedback) of a correc t an swer wa s  
t heor i z ed t o  be re in forc ing . 
While Skinner focused on f eedback as rein forcem en t for correc t 
respon ses, o t hers (Am sel, 1 9 6 0; Anderson & Fa\l s t, 1 9 7 3; Anderson, 
Kulhavy, & Andre, 1 9 72;  B l oom, 1 9 7 6; C ramer, 1 9 8 4; rx.agn e, 1977; 
Kulhavy, 1 9 7 7; P i ckt horne, 1 9 8 3 )  have emphas i z ed t he va l ue of errors 
and the impor t an ce of feedback f o l l owing incorrec t answers . l\1aking 
errors, l eaTI1 ing tha t they are incorre c t, and rece i ving more 
in forma t i on ahout the correct  answer may help the l earner re f ine hi s 
or her under s t anding o f  t he ma t er i a l  being t augh t . 
Bu s s  and assoc i a t e s  (Bu s s, B raden, Orgel, & Bu s s, 1 9 5 6; Bus s  & 
Russ, 1 9 5 6 )  conduc t ed research sugges t ing tha t, for con cep t l earn ing, 
i t  i s  more impor t an t  to provide f eedback a f t er in correc t responses 
than i t  is  t o  provide feedback a f t er correct respon s e s . A g roup t ha t  
rece i ved feedback only a f t er incor rect respon ses and a g roup t ha t  
received f eedl�ck a f t er both correct and incorrec t  respon ses perform ed 
a t  abou t  the same leve l, wh ile bo th of these groups learn ed fas t er 
t han a group t ha t  received fe edback only a f t er correc t  respon ses . TI1e 
inves tiga t ors con c l uded t ha t  feedback a f t er incorrect  respon s es 
(in forma t i ve f eedback ) can be more powerful t han f eedback af t er 
corr� c t  respon s es ( re i n forc ing feedback ) in con c ep t  l earn in g  tasks . 
There are many di ff eren t ways in wh i ch feedback (a f t er incorrec t  
4 
respon s es ) can prov irle infonma t i on .  Rober t s  and Park ( 1 9 8 4 )  exam i n ed 
t he research and then ca t egor i zed in forma t ive f eedback ba sed on a 
con t inuum of ccmp l exi t y. The mo re canp l ex t ypes of f eedba ck are 
as su�rl t o  be the mo s t  e f f ec t iv e .  The s imp l e s t  t ype of i n forma t ive 
feedba ck prov i des in forma t i on about t he accura cy o f  a respon s e  by 
indi cat ing t ha t  the respon se i s  e i ther correc t or incorrect. Thi s 
t ype of f eedback can be ca l l erl knowl edg e  o f  re su l t s  (KR). Another 
type of feedback , knowl edge of correct respon s e  (KCR ) , conveys more 
informa t i on t han KR because KCR i n f orms l earners of the correct 
an swer . 
The mo s t  conp l ex types of feedback prov i de add i t i ona l in forma t i on 
t o  he l p  l ea rn ers . More in forma t ive feedba ck i s  hypo t hes i z ed t o  be 
mo re e f fec t iv e .  Roberts  and Park ( 1 9 8 4 )  no t ed tha t t here are mmy 
wa ys in whi ch f eedback can prov i de add i t i on a l  i n f orma t i on .  Examp l es 
i n c l ude descr i p t i on s  of the correc t  answer , exp l anat i on s  o f  spec i f i c  
part s o f  tl1e  correct answe r ,  and i n f orma t i on about t he incorrec t ly 
chosen an swer . The f i rs t  two e:xamp l es can be ca l l ed correc t iv e  
f eedba ck because tl1ey give exp l an a t i on s  abou t t he correct an swer . 
When correc t ive f eedback addre s s es t he s tuden t s  in correc t l y chosen 
an swer i t  can be ca l led respon s e  sen s i t ive feedback ( t he f eedba ck 
s t a t emen t  depends on t�e s t uden t s  chosen respon s e )  • 
. Ano t her t ype of correc t i ve feedback , process f eedback , deserv es 
spec i a l  men t ion . Process feedback takes a d i f f eren t app roach by · 
presen t ing the correc t prob lem s o l v ing procedures and by shrnv ing 
l earners where they wen t \VI'ong in the probl em so l v ing process. 
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Anderson and Faus t ( 1 9 7 3 )  included process feedhack in t he ca t egory 
t hat focuses on the correct  answer ( correc tive f eedback ) .  However, 
because an analysi s of problem solving p rocesses ma y  provide much more 
in forma tion t han explana tion s o f  the correc t an swer, p rocess feedback 
and correc tive f eedlmck will be considered as s epara t e  t ypes o f  
informa tive f eedback . 
These various types of feedback hav e been t he focus of much 
research. TI1is research has been conduc t ed wi th a number of 
ins t ruc tional forma t s ,  including cla ss room set tings, programned 
ins t ruction , and C�I . 
R esea rch on F eedback in Cla s s room S e t ting s 
A large nunber of s t udies have examined the use of f eedba ck in 
classroom s e t tings wi th live t ea chers . Travers, VanWagenen , Haygood, 
& \1cC'A>rmick (1964) conduct ed a s t udy thil t involved KR and KCR in a 
simul a t ed clas s roan s e t tin g .  The learning task involved pai red 
as socia tion s  (G erman-English word pai rs ) .  The s tuden t s  were ask ed t o  
choose be tween two possible an swers . Even though t he KCR provided 
redundan t in forma tion (in t he KR group t he correct an swer was implierl. 
when the chos en an swer was said t o  be wron g ,  because there were only 
two choices per que s tion ) , i t  resul t ed in significan tly high er scores 
on the cri t erion t e s t . The researchers concluded that "a rela tion ship 
s eems to exi s t  be tween in forma tion con t en t  of the f eedback condi tion 
and ext en t  o f  l earning" (p. 1 7 0- 1 7 1 ) .  
Lysakowski and Walberg ( 1 932) published the resul t s  of a 
6 
meta-analysis of 54 studies conducted in classrocrn settings and fotmd 
"large and consistent effects" of informative feedback. The results 
applied to fact learning and concept learning. The value of 
informative feedback in classro�n settings seems to be well 
ctocumented. 
Research on Feedback in Programmed Instruction 
As with the research involving classroan instruction, the 
research with prograrnned instruction has included nnny studies dealing 
with the effectiveness of different types of feectback, especially KR 
and KCR. This research is less consistent than the work involving 
classroom settings and live teachers. 
Same of these studies have found that feedback dict not improve 
posttest scores. TI�o stucties (Krurnboltz & Weisman, 1962; Rosenstock, 
\bore, & Smith, 1965), both involving concept learning, found that 
various schedules of continuous, fixed ratio, and variable ratio 
feedback (KR) were no better than no feedback (base:i on posttest 
scores). Other studies have also failed to finct advantages for 
informative feedback (Bivens, 1964; Wentling, 1973). Merrill (1970) 
examinect the follaving types of feedback: none, KR, KR plus single or 
:nultiple repetitions of the question, and process feedback (a 
step-by-step explanation of how to reach the correct answer) plus 
repetition of the question. The groups did not differ on the 
posttest, although the process feedlmck groups did complete the 
programs significantly faster than the other groups. 
7 
One study actually suggested that no feedback ffi1ly, at times, be 
more beneficial than feedback. Lublin's (1965) study involved various 
feerlback schedules (no feedback, continuous KCR, variable ratio 50% 
KCR, and fixect ratio 50% KCR) in H:ollanct and Skinner's (1961) 
The Analysis of Behavior (a programmect text that teaches concepts). 
The effect of feectback on posttest performance was significant, with 
the no feedback group scoring highest and the continuous KCR group 
scoring lowest. This seems to contradict the idea that informative 
feedback should facilitate learning. 
A munber of the programnect instruct ion feedback studies 
(.Anderson, Kulhavy, & Andre, 1971; Holland & Porter, 1961; 
Karraker, 1967, Meyer, 1960; Moore & Smith, 1964; Suppes & Ginsberg, 
1962) are more consistent with the theories of inform9.tive and 
corrective feectback, which state that feedback facilitates learning 
and more informative types of feedback are more effective. �.1eyer 
(1960) studiect feedback using prograrnned texts that taught ccmnon 
prefixes to eighth grade stuctents. One group received delayect 
feectback (KCR), a second group received KCR, and a third group 
receivect KCR anct repeated incorrectly answered quest ions. The KCR 
groups did not differ significantly but both KCR groups perfonmect 
above the delayed feedoock group (based on pretest to posttest gain 
scores). In addition, the delayed feedback group rmde more errors anct 
failed to answer more questions within the programned lesson. 
Moore and Smith's (1964) study also lends support to the use of 
feedback in progrmnmed instruction. These researchers compared KCR 
8 
and KR in Holland and Skinner's ( 1 9 6 1 )  programned text. KCR resulted 
in higher posttest scores (but only for students �1o completed 
multiple choice lessons, and not for students �o completed 
constructed response lessons). 
The work of Anderson, Kulhavy, and .�dre ( 1 97 1 )  attempted to 
account for the contradictory findings of the programned instruction 
feedback studies. Most of the studies that found no benefit for 
informative feedback involved over-prompted programs and/or programs 
in which it was possible to look ahead and copy the answer from the 
feedback statement. There were probably few errors and little need 
for informative feedback. This could account for the fact that 
informative feedback was not effective in scrne of the programneri 
instruction research. 
This theory was tested in a series of studies (Anderson, Kulhavy, 
& Andre, 1 9 7 1 ,  1 9 72 ) . The 1 9 7 1  report included two experiments 
involving lmdergraduate students and a programned test on the 
diagn8sis of myocardial infarction from electrocardiograms. In the 
first experiment the criterion test showed significant differences. 
The KCR group, time out ( 1 5 seconds) plus KCR group, and KCR plus 
repetition of questions group scored higher than the no feedback 
group. In a second experiment, a "peek" KCR condition was studied. 
The KCR was on the same page as the question in the peek condition. 
This approximates some programned tests in �1ich students have easy 
access to feedback statements. The KCR group scored significantly 
higher than the peek group and the no feedl�ck group, even though the 
9 
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peek group made significantly fewer errors within the lesson. Similar 
results were found in a study using G\I lessons that taught population 
genetics concepts (Anderson, Kulhavy, & Andre, 1972). 
Considering the results of this work, it seems that KR and KCR 
(the most frequently studied types of feedback in the programned 
instruction research) can be beneficial in programmed instruction if 
errors occur and if the feedback is not available prematurely. This 
seems to apply to progrmnned instruction lessons that teach facts, 
procedures, or concepts. 
Research on Feedback in CAl 
A relatively small number of published studies have exrunined the 
use of feedback in C�I . Some of these research studies involved 
concept learning, while others involved paired associate learning or 
mathematical procedural learning. Only about half of these studies 
supported the idea that more informative types of feedback are rrore 
effective than less informative types of feedback. 
Three studies, all involving concept learning, found KCR t o  be 
valuable in 0\I (Anderson, Kulhavy, & Andre, 1972; Gilman, 1969; 
Roper, 1977). Roper (1977) used an adjlmctive program (the initial 
instruction was not done on the computer) that tested students on 
statistical concepts and procedures. One group received KCR , one 
group received KR ,  and one group received no feedback. On a posttest, 
the KCR group performed significantly higher than the other two 
groups. 
. � s tudy hy Anderson , Kulhavy , and Andre (1972) , men tion ed 
ear lier , a l so invol ved con cept t ea ching CAl and KCR. A group tha t 
received KCR f o l l owing errors perform ed a t  a signi fican t l y higher 
l eve l (on a pos t t es t )  than did a group t ha t  wa s exposed t o  KCR be fore 
responding ( t he "peek11 condi ti on ). 
One s t udy fai l ed to show any signi fican t ben e fi t  for KCR in CAl. 
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S t einberg (1980) used CAl t o  t ea ch procedura l prob lem s o l ving t o  young 
chi l dren ( firs t graders ). The s t uden t s  received ei ther pra c tice , KCR , 
or process f eedback. These t hree condi tions did not resu l t  in 
signi fican t di f f erences on per formance wi t hin t he l es s on. The 
researchers con c l uded tha t  t he f eedback condi tion s  used were not 
e f fec tive wi th firs t grade chi l dren. 
In genera l, i t  seem s  t ha t  KCR can be va l uab l e  in 0\l, a t  l ea s t  
wi th o l der s tuden t s  who are l ea rning con cept s. The CAl research on 
correc tive feedback is not a s  con si s t en t. 
TI1 ree s t udies have l en t  suppor t to t he idea t ha t  correc tive 
feedback is e f f e c tive in CAl. Rober t s  and Park ( 1984) exrunined 
correc tive feedback , ��. and no f eedback in an adjun c tive CAl l es s on 
( the concep t s  were not ini tia l l y t aught by compu t er ). When compared 
to t he other two group s, t he corr ec tive f eedback group requir ed f ewer 
ques tion s t o  reach cri t erion and scor ed higher on a pos t t es t. Lon g  
t erm re t en tion was not mea sured. 
Tai t , Har t l ey ,  and Anderson (1973) used CAl t o  t each 2 and� 
digi t by 1 digi t mu l tip lication t o  young chi l dr en. Thr ee f eedback 
condi tion s  were exrunined: no f eedback , 11 passive11 feedback ( correc tive 
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feedback explaining the correct answer), "active" feedback (process 
feedback that led students through the correct steps in the 
procedure), and active feedback with repetition of incorrectly 
answered questions. The authors concluded that feedback, in general, 
is better then no feedback, but they did not find significant 
differences between corrective (passive) feedback and process (active) 
feedback. With young children learning procedural math skills, 
corrective feedback may be valuable and may be as effective as process 
feedback. 
Another study examined three types of corrective feedback (Keats, 
1 9 68 ) .  In this study, sixth grade students studied CA l  lessons 
involving procedural math skills. One group received a brief verbal 
definition as feedback, a second group received a numerical example as 
feedback, and a third group received a complex fonn of corrective 
feeciback that included detailed instructions, a review question, ami 
either a definition or a numerical example, as determinect by the 
experimenter's intuition. During the program the verbal definition 
group performect significantly better than the m:rnerical example group. 
However, there were no significant differences on the posttest. In 
addition, the study did not include groups receiving no feedback or 
less informative types of feedback (KR or KCR). Therefore, the only 
conclusion that can be drawn from this study is that, during 
procedural mathe:mtical learning, corrective feedback in the form of 
verbal definitions may be better than corrective feedback in the form 
of numerical definitions. Retention may be uneffected by t)�e of 
feedback. Nothing can be said about corrective feerlback in relation 
to other types of feedback. 
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A different type of corrective feedback was studied by Siegel and 
:\1isselt ( 1 9 8 3 ) . The corrective feedback canparerl the correct answer 
and the student's incorrecty chosen answer, and can be called 
response-senstive corrective feedback. One group received 
response-sensitive corrective feedback, another group received 
response-sensitive corrective feedback along with discrimination 
training (additional questions on the correct answer and the 
incorrectly chosen answer), and a third group received KOR. The study 
involved CAI lessons that taught paired associations (Japanese-English 
word pairs) to tmdergrarluate students. The group receiving 
response-sensitive corrective feedback with discrimination training 
confused the st i'llll  i significantly less often than did the other two 
groups (the other two groups were not significantly different). 
riowever, the results of this study, which involved paired associate 
learning, cannot autamtically be generalized to concept learning CA l. 
The studies by Keats, 19 68; Roberts and Park (1984) , Siegel anrl 
Misselt ( 1 9 8 3) ,  and Tait, Hartley, and Anderson ( 1 9 7 3) all support the 
idea that corrective feedback may be effective in same CAl progra�s. 
Jfowever, a number of studies have failed to support the value of 
corrective feedback (Gilman, 1 969; Lasoff, 1 9 8 1 ;  Schoen, 1 9 7 2 ) .  
l\1erri 1 1  ( 1 9 8 7 ) reported an experiment that involved junior level 
chEmistry students who studied concept teaching G\I lessons. One 
group received KCR and a second group received corrective feedback. 
There were no significant differences b8tween these two �roups. 
However, this study had a few notable weaknesses. First, the 
corrective feedback group received feedback only after the second 
incorrect response to a question, \vhile the KCR group apparently 
received feedback after every incorrect response to a question. 
Additionally, neither group made many errors in the CAI lesson, and 
thus the feedback was not received very often. Finally, the posttest 
was very short ( 10 items) and may not have been very sensitive to 
differences between groups of students. 
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_Another study (Schoen, 1972) offered inconsistent evidence on the 
value of corrective feedback. Schoen's (1972) study used CAI lessons 
that presented rm therm tical concepts to undergraduate students. When 
errors occured, one group received an explanR.tion of the correct 
answer (corrective feedback) and the other group received KCR plus an 
explanation of why the chosen answer was wrong (response sensitive 
corrective feedback). The participants took two immediate posttests 
covering different sets of concepts. The two groups did not differ on 
the posttest covering the first set of concepts. The response 
sensitive corrective feedback group scored significantly higher on the 
posttest covering the second set of concepts. The authors concl11ded 
that response sensitive corrective feedback was not clearly superior. 
It is important to note that the researchers failed to describe the 
two sets of concepts. It is possible that differences in the sets of 
concepts might explain the different effects of the feedback. 
A study by Gilman (1969) also failed to support the effectiveness 
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of corrective feedback. This study involved concept teaching 0\1, 
undergraduate students, and a large main frame compliter. Types of 
feedback studied included no feedback, K.R, KCR., corrective feedback, 
and KR, plus KCR , plus corrective feedback. On number of responses to 
criterion and number of times through the program (to criterion), the 
corrective feedback group perfonmed better than the no feedback and KR 
groups, but did not perfonm better than the KCR group. 01 time to 
reach criterion, the corrective feedback group was significantly lower 
than all the other groups. On the posttest, the no feedback, KR, and 
KCR groups scored significantly higher than the group that received 
KR, plus KCR, plus corrective feedback, and slightly (but not 
significantly) higher than the corrective feedback only group. The 
author concluded that KCR seemed to be the most effective type of 
feedback. 
A fourth study questioning the value of corrective feedback was 
conducted by Lasoff ( 1 9 8 1 ) .  Undergraduates studied G\I lessons on 
programning procedures and received either no feedback, KR, or 
corrective ("enriched") feerl.hack. ()n. a 20 item posttest, the KR group 
performed significantly higher than both the corrective feedback and 
no feedback groups. However, the number of students involved was 
small ( 9  to 12 students per group) and there was no pretest. These 
facts indicate that the equivalence of the groups (before treatment) 
may be in question. 
To summarize the 0\I research on corrective feedback, it seems 
that corrective feedback rmy be effective in G\1 , but is not 
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necessar i l y t he bes t type of f eedback in sane c i rcuns tances . Lasof f  
( 1981) sugges t ed t hat , i n  sane cases , br i e f feedback s t a t ement s  may he 
the most va l uab l e  (Laso f f's s t wiy i nvo l ved procedural ski l l  l earn i ng ) . 
Merr i l l  ( 1987) not ed that corre c t ive feedback may be bene f i c i a l  when 
t he subj ect ma t t er i s  more comp l ex and vmen f eedback i s  received 
o f t en .  However ,  no f i rm  conc l us i ons can he drawn at thi s t ime . 
The f i na l  type of f eedback t hat has been researched i n  CAl i s  
process f eedback (a desc r i p t i on of the procedures for reachi ng the 
correct answer ) .  Lau (1979) compared KR, correct i ve feedback , and 
process f eedback i n  CAl l es sons t eachi ng concep t s .  The proces s  
feedlm ck group performed s i gn i f i can t l y h i gher on a pos t t e s t  t han d i d  
the other two groups . The researcher sugges t ed t ha t  t he resu l t s  
shou l d  be ver i f i ed wi th s t ud i es t hat a l so measure l ong t erm ret ent i on 
( Lau's s t udy d i d  no t i nc l ude a de l ayed re t ent i on t e s t ) .  
Three o t her research s t ud i es have i nve s t i ga t ed process f eedback 
i n  CAl . The s t udy by Ta i  t ,  Hart l ey ,  ancl Anderson ( 1973) i s  descr ibed 
above . Young ch i l dren s t ud i ed s i mpl e  nm l t i p l i cat i on procedures in CAl 
l essons . Proces s  feedback was more e f fec t ive t han no feedback , but 
\VUS not s i gn i f i cant l y  be t t er t han correct i ve feedback . Young chi l dren 
l earni ng procedural ma t 'l ski l l s may bene f i t  as much frm1 an 
exp l ana t i on o f  t he correct answer as f ran a descr ipt i on of t he correct  
procedures . 
Anot he r  CAl s t udy invo l ved procedural ski l l  l earn i ng and proce s s  
feedback . Gi l man ( 1967) used n i nth and t enth grade s t uden t s  and a 
l arge ma i n  f rame ccmpu t er (whi ch responded s l ow l y  by t oday's 
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standards). KCR was compared to process feedlmck, with no significant 
differences found between these groups. The researcher tentatively 
concluoed that less elaborate types of feedback may be as effective as 
more elaborate, informative types of feedback. 
One other study (Steinberg, 1980), mentioned above, investigated 
process feedback in CAl that was used to teach procedural problem 
solving to first grade children. The students received either 
practice, KCR, or process feedback. The three groups did not differ 
significantly in their performance within the lesson. Steinberg 
concluded that neither of the feedback groups (process feedback and 
KCR) were especially effective with first grade children. 
The results of the research on process feedback in CAl are not 
conclusive. Three stuoies failed to shoN the effectiveness of process 
feedback (Gilman, 1967; Steinberg, 1980; Tait, Hartley, & �derson; 
1972). All three of these studies involved procedural skill learning. 
Only one study exrunined process feedback in concept teaching CAl (Lau, 
1979). TI1is study founo that process feedoock significantly improved 
imnediate retention (no delayed retention test was used). 1'1ore 
research is needed to detennine if process feedback is effective in 
concept teaching CAl. 
Summary of the research on feedback in CAl. Overall, the 
research on feertback in CAI has been inconsistent. . The single 
exception to this see� to be the conclusion that, in CAl, KCR is 
often more effective than no feedback. Corrective feedback can be 
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effective, but may not always be better than less infoMnative types of 
feedback. In sane cases (perhaps in procedural skill learning) a 
brief fo� of feed1�ck may be more effective than corrective feedback. 
Lessons on more complex material may benefit from corrective feedback, 
especially if the error rate is high. However, in C-\1 research, 
corrective feedback has not consistently been found to be better than 
less infoMnative types of feedback (this may be due to improper fit 
between the types of feedback used and the subject matter studied). 
Process feedback may not be better than less infoMnative types of 
feedback for young children learning procedural math skills. However, 
one study (Lau, 1 9 7 9 )  involving older students and concept learning 
found that process feedback was beneficial on an immediate posttest 
(long tenn retention was not measured). 
Further research is needed to investigate various types of 
feedback in different types of CAl learning tasks. The research 
reported so far has been variable and inconsistent. Therefore, it is 
important to carefully investigate and describe variables that may 
interact with type of feedback. The most effective type of feedback 
for one learning task may not be the most effective type of feedback 
for other learning tasks. Similarly, the rmst effective type of 
feedoock for one student may not be the n st effective type of 
feedback for other learners. 
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Subject Matter Error Analysis 
The contradictory results of the CAI feedback research may be due 
to the wide variety of learning tasks studied. Many of the 0\I 
feedback research reports do not rlescribe the subject matter very 
well. Additionally, many of these studies do not rlescribe how the 
types of feedback were chosen. Different types of informative 
feed1�ck may be effective for different types of subject matter, 
especially if the types of feedback are carefully developed. An 
analysis of a particular subject matter may give clues about the best 
type of feedback, especially if frequent errors, and reasons for 
errors, can be clearly identified. 
Students rmke errors for various reasons. One reason that comes 
to mind quickly, perhaps because of overuse, is lack of knowledge 
about the subject matter. However, errors can also occur because of 
incorrect input (mis-reading the problem), incorrect output (a mistake 
in responding, even though the correct answer was intendect), and, rmst 
importantly, faulty processing. 
Processing errors may occur because of an incon1plete or faulty 
understanding of the material, and may involve simplification of the 
material, omission of material, or use of inappropriate rules or 
strategies (Bachar, 1979). It may be possible to exrunine performance 
and errors and then to determine the reason for the errors, including 
possible underlying misconceptions or processing errors (BR.chor, 1�79; 
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Cramer, 1984; Larkin & Rainard, 1984; Pickthorne, 1983). If the 
errors are due to misconceptions or faulty problem solving procedures, 
and if these "error factors" (Pickthorne, 1983) can be identified 
through error analysis, then instruction (including the effective use 
of feerlback) may be improved when these error factors are taken into 
consirl.eration. 
Bachor (1979) has rl.escrihed two tyoes of error analysis 
procedures, intra-student error analysis anrl inter-student error 
analysis. Intra-student error analysis involves the study of one 
student's performance in order to rl.iagnose and correct his or her 
misconceptions. This approach is the one used by a tutor V\Drking 
individually with a learner. This approach has also been userl in the 
field of artificial intelligence, where efforts have focuserl. on 
developing canputer prograrns that can simulate experts' problem 
solving processes and learners' (novices') faulty problem solving 
processes. These efforts have focused on many different subject 
matter areas, including arithmetic word problans (Kintsh & Greeno, 
1985), algebraic word problems (Paige & Simon, 1966), algebraic 
equation solving (Lantz, Bregar & Farley, 1983), geometric proble� 
(Greeno, 1980; Greeno, 1978), physics problerns (Larkin, !\1cDermott, 
Simon & Simon, 1980; Simon & Simon, 1978), conversion problans (Larkin 
& Rainard, 1984), "spy problems" (Hayes, 1966), canputer programning 
(Soloway, Rubin, Woolf, Bonar, & Johnson, 1983) ami st::1tistics anrl. 
probability problems (Cohen, 1982; Kehneman & Tversky, 1982). 
However, a tremenctous a.'110unt of time and effort will he needed before 
any of these systems will have the sophistication necessary to 
identify and correct a learner's misconceptions during the 
instructional process. 
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Bachar's (1979) second type of error analysis, inter-student 
error analysis, focuses on errors cannon to a particular subject 
matter. This approach may be helpful for developing effective CAI 
software and for identifying the 100st effective types of informative 
feedback. Inter-student error analysis involves an analysis of the 
subject matter and an examination of the performance of a group of 
students who are studying the subject matter. Typical errors, 
misconceptions, and faulty procedures can then be identified. 
Pickthorne (1983) has noted that "at a particular stage or level in 
the learning of a subject (e. g. , 'elEmentary' physics) it has been 
found that learners are vulnerable to highly similar EFs [error 
factors] ani tend to make very si'Tlilar errors. " (p. 285). If 
inter-student error factors (comnon reasons for errors in a particular 
subject matter) can be identified then they can be addressed when 
errors occur. An inter-student error analysis could be conducted 
before G\I programs are written so that the infonution gained can 
(hopefully) be used to develop the most effective type (s) of feedback. 
An inter-student (subject matter) error analysis coulrl. involve a 
number of different methods, including an analysis of the subject 
matter, an examination of the dernands of the task, and a review of the 
perforrmnce of learners working on the subject Tnatter. Additionally, 
important in formation can be generated through an investigation of 
expert and novice problem solving procedures typically used with the 
subject rmtter. 
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The analysis of the subject 1natter involves a taxonomical study 
of the structure of the rmterial to be taught (Tennyson & Park, 1 980 ) .  
For concept teaching, this means that the relationships among the 
concepts are established. 
After the initial version of the learning task (the rmnner in 
which the subject matter is taught) has been developed, it should also 
be analyzed. This is done to detennine the specific demands involved 
in the task (Ribich & Schneck, 1 9 7 9) .  Each learning task requires a 
learner to do certain things. The objectives and the initial 
quest ions clue the learner about the task dermnds. Bloom's taxonomy 
(Bloom, 1 9 7 6 ,  Bloorl1, 1 956) offers a useful way for classifying the 
denands of t�e task (based on level of tmderstanding required) and 
provides inforrmtion that rmy be helpful in a subject rmtter error 
analysis. 
Further inforrmtion about the subject rmtter is gained through a 
review of the perforrmnce of learners working on v:1rious tasks that 
teach the subject rmtter. Expert instructors (who observe learners) 
rmy have ideas alxmt the difficulties learners have with the suhj ect 
rmtter. Completed tests on the subject matter can be analyzed in 
search of camnon mistakes and patterns of errors. �ore important than 
performance on existing tests is performance on specialized tes t 
questions developed during the error analysis (Bachor, 1 9 7 9 ) .  These 
specialized questions can he designed to tap suspected misconceptions 
or processing errors. Students' perfortmnce on the specialized tests 
can be examined for further information ahout the subject rmtter. 
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The specialized tasks can also be used to investigate the problem 
solving procedures typically used to Rpproach the subject nntter. 
Experts and novices rmy be asked to tRlk as they work on a nunber of 
learning tasks. 1'1is method generates think-aloud protocols which can 
provide infor:nation about the problem solving procedures used (Larkin 
& Rainard, 1 984; Pask, 1 97 6 a, 1 9 7 Gb) . Comparison of the learners' 
procedures and the experts' procedures may provide valuable 
information about why learners rmke errors . 
A ccmbina t ion of these subject rm tt er analysis (inter-student 
error analysis) procedures may provide insight into the reasons for 
students' errors . It nny then be possible to identify types of 
feedback that 1Nill be effective for the subject rmtter that has been 
analyzed. I f  more of the research on feedback in CAl involved. subject 
rmtter error analysis procedures, then the results might rmre 
consistently support the effect"iveness of corrective feedback and 
process feedback (these :mre informative types of feedback rmy not be 
effective unless they are carefully rmtched to the subject rm.tter). 
The subject 1mtter error analysis is a way of describing the subject 
matter and of attempting to match the feedback to the subject matter. 
As rrore C-\ I feedback research uses the subject nntter error analysis 
it rmy become possible to analyze the accumulated knowledp,-e in order 
to identify generalizable relationships between speci fie types of 
feedback and specific subject matter variables. 
24 
Learning Style 
Learning Style Definitions 
Just as the 1rnst effective type of feedback m1y vary across 
different types of learning tasks, the best type of feedback rmy vary 
for students with different learning styles. Schmec}( (1983) defined 
learning style as "a predisposition on the part of sone students to 
adopt a particular learning strategy regardless of the specific 
demmds of the learning task" (p. 233). Learning strategy is then 
defined as "a pattern of inforrm.tion-processing activities used to 
prepare for an anticipated test of memory" (p. 234). A learning style 
is a hypothetical construct that describes a tendency to prefer 
certain approaches (learning strategies) to learning. 
Tallrmdge and Shearer ( 1 9 6 9 )  stated that a learning style is "an 
attribute of an individual which interA.cts with instructional 
circumstances in such a way as to produce differential learning 
achievement as a function of these cirmrnstances" (p . 222). Different 
types of instruction rmy be best for different learning styles. 
Additionally, learning styles are assun�i to be relatively stable, 
although they may vary slightly in different contexts (with different 
learning tasks and/or learning goals). 
Research on Learning Styles 
Recently, much work (theory and research) has focused on 
individual differences in preferences for certain cognitive learning 
practices. Craik and his associates (Craik & Lockhart, 19 7 2; Craik & 
Thlving, 19 7 5 )  have discussed a theory of memJry which considers the 
"depth of processing" during learning. "'Depth' implies a greater 
degree of ser:1antic or cognitive analysis" (Craik & Lockhart, 19 7 2, p .  
6 7 5). Simply repeating a phone nu�ber over and over is processing at 
a shallow level. An example of processing at a deeper level is the 
creation of links comparing and contrasting ideas. 
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Craik and Thlving (19 7 5 )  reported ten experiments on depth of 
processing. Students answered rl.ifferent types of questions about 
stimulus words. The different types of questions required different 
levels of processing of the stimulus words. Students who answered 
questions about typescript were assuned to be processing words at a 
shallow level. Questions about rhyr>le were userl. to learl. to an 
intermediate level of processing. A rl.eeper level of processing was 
required of students who answered questions about word categories. 
This wns an incidental learning task because the students were unaware 
that they would later be tested for recall. In a number of different 
experiments the researchers fmmd perforrrlRnce to be consistently 
related to level of processing (students who processerl. words deeply 
remembered the words better). As the authors concluded: 
It is clear that what dete�ines the level of recall or 
recognition of a word event is not intention to learn, the 
amount of effort involved, the difficulty of the orienting 
task, the amount of time spent rrnking judgements about the 
items, or even the annunt of rehearsal the items 
receive • • •  rather it is the qualitative nature of the task, 
the kind of operations carried out on the items, that 
dete�ines retention, (Craik & Thlving, 1 9 7 5 ) .  
The authors noted that "spread" of encoding was an important 
aspect of depth of processing. A variety of elaborations and 
connections make the information more meaningful to the learner. 
These meaningful elbaorations and connections may rrnke the rrnterial 
easier to renember over long periods of time. Craik and Lockhart 
concluded that the ability to remember rm.terial "is a positive 
function of the depth to which the stimulus has been analyzed" (Craik 
& Lockhart, 1 9 7 2, p. 67 5). 
The idea that deep processing leads to better lonr; term lllell'Dry 
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seerns consistent with current theories of me'l10ry. lVIiller (1 956) noted 
that learners can increase the amo11nt learned by organizing 
information into "chunks." Deep processi11g involves the connecting of 
pieces of inforrmtion into larger units, or chunks. Loftus and Loftus 
(1 9 76) described these types of deep processing activities as 
elaborative rehearsal, which leads to better long te� memory than 
maintenance rehearsal (shallow, or rote processing). In a similar 
manner, Neisser (19 7 6 )  and Simon (1 9 8 1 )  have both noted that memory 
involves relations, or associations, rather than separted bits of 
informltion. Deep processing seems to involve the creation of 
associations and thus rmy lead to better memory than shallow, 
riterative, rote processing. 
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Marton and Saljo (1 9 7 6 a, 1 9 7 6b) conducted research which suggests 
that depth of processing may be a leaM1ing style which is somewhat 
consistent, hut is also influenced by task demands. I n  one study 
(� rton & Saljo, 1 9 7 6a), students were given text to read with the 
general goal of learning from the text (this is an intentional 
leaM1ing task, in canparison to the incidental learning task used by 
Craik and Lockhart, 1 9 7 2, and Craik and 1\1lving, 197 5 ). After 
posttests, the researchers asked students about the processes used to 
learn fran the text. The students tended to prefer certain learning 
strategies, which fell into two general categories: deep-level 
processing and surface-level processing. Some students tended to 
focus on learning factual content (the sign), which is shallow-level 
processing. Other students tried to learn the meaning of the text 
(that which is signified), which is deep-level processing. �rton and 
Saljo's (1 9 7 6 a, 1 9 7 6b) conception of level of processing corresponds 
with the same concept as used by Craik and associates (Craik & 
Lockhart, 1 9 7 2, Craik & Thlving, 1 97 5 ). I n  the !\1arton and Saljo study 
(1 9 7 6a), level of processing \Vas clearly related to level of 
performance on general, conceptual questions about the text. 
Deep-level processing resulted in better performance. 
In another study C1tarton & Sal j o, 1 9 7 6 b), the same authors found 
t�qt surface-level processing could be induced by factual questions 
within the text. However, deep-level processing could not be induced 
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in all of the students. When given canprehension questions within the 
text, some of the students were led to use deep-level processing. 
Other students used only surface-level processing. For these 
students, surface-level processing was a rmre consistent learning 
style. 
The work by Marton and Saljo (1 9 7 6 a, 1 9 7 6b) and Cr:=tik and 
associates (Craik & Lockhart, 1 9 7 2; Craik & TUlving, 1 9 7 5 )  suggests 
that many le:=trners tend to use either deep- or surface-level 
processing strategies. I n  sane stuctents, however, these tenctencies 
(learning styles) can be infl uencerl. hy task demands. Surface-level 
processing seems to he induced more easily than deep-level processing. 
Pask (1 9 7 6 a, 1 9 7 6b) reached very similar conclusions using a 
different approach to research on learning. Pask examined learning 
style with intentional learning tasks and a "conversational" 
technique. Students stwiiect with the general go:=tl of understanding. 
The conversational technique involved a dialogue in which the students 
verba.lized while they learned. During the "convers::ttion, " students 
explainerl. anrl. answered questions about the subject matter anrl. about 
their learning activities. Tnis required learners to make their 
learning strategies explicit. 
Pask found that learners fell into three different learning style 
groups: canprehension learners, operation learners, and versatile 
learners. Comprehension learners use holist learning strategies that 
focus on a number of goals and topics anct conceptually relate 
concepts. This is very similar to the concept of deep-processing. 
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Operation learners use serialist lea�1ing strategies dealing with one 
goal or topic at a ti� . and build models that only describe facts 
(without �king comparisons or inferences). Thus these learners may 
acquire only factual information. Versatile learners use both holist 
and seriRl ist lea�1ing strategies, as required by perceived task 
demands. These learners may be the most effective , as both �olist and 
serialist strategies are seen as prerequisites f or full tmderstanding. 
Pask (1 9 7 6b) conducted further research in which canprehension 
learners (deep processors) and operation learners (surface processors) 
were given either matched or mismatched instruction. �futched 
instruction was aligned with the identified learning style, while 
rnismatched instruction taught to the opposite learning style. The 
results showed that "rmtched instruction favours learning and 
miSlnatched instruction completely disrupts it. • •  " (Pask, 1 9 7 6b ,  p .  
1 38). TI1is research did not involve versatile learners, who may be 
able to use any of the learning strategies, based on task demands. 
Entwistle and his colleagues (Entwistle, 1 981 ; Entwistle, Hanley 
& Hounsel l, 1 97 9 )  approached the study of l earning sty l e  independentl y  
of Pask and Craik, yet came up with very similar conclusions about 
types of learning styles and consistency of learning styles. 
Ent,vistle and associates collected and analyzed questionaire data on 
approaches to learning. Factor analysis of the data suggested the 
existence of three major orientati ons to learning : meaning, 
reproduction , and achievement. The meaning orientation focuses on the 
ideas to be learned and ways for making new information personally 
30 
meani ngfu l .  The meaning or i en t a t i on i s  s imi l ar t o  t he i ciea o f  a deep 
approach to l earn i ng (Cra i k  & Lockha r t , 1972 ; Ma r t on & Sa l j o ,  1976a , 
1976b) and t he concept i on o f  t he ccmprehens i on l ea rn i ng s t y l e  (Pa sk , 
1976a , 1976b).  The reproduc t i on or i en t a t ion i s  l i ke the surface 
approach (�ar t on & Sa l j o ,  1976a , 1976b) and t he opera t i on l ea rn i ng 
s ty l e ( Pask , 1976a , 1976b) ,  because t he focus i s  on sy l l abus -bound 
rot e  l ea rn inz. The achi eve;nent or i en t ed l ea rner i s  g� I i cied by the 
cies i re t o  conpe t e  and to succeed. There i s  some i nd i ca t i on t hat t hose 
us ing the a ch i evement or i en t a t i on rmy use bot h  sur face and deep 
approache s  (En twi s t l e ,  198 1 , p. 10 2 ) .  Thus the ach i evement 
or i en t a t i on rmy be s imi l ar to t he concept of the versa t i l e  l earner 
( Pask , 1976a , 1976b) who uses d i f f erent s t ra t eg i e s  in orcier to me e t  
t he demands o f  a pa rt i cu l ar t ask. 
Schmeck ( 1983) has comnen t eci  on the s imi l a r i t i e s  in the resu l t s  
o f  t he work o f  t he va r i ous resea rchers in the a rea o f  l ea rn i ng s ty l e. 
He conc l uded t ha t  one of t he mos t impor t an t  fa c t ors in l ea rn i ng s ty l e s  
i s  dept h  o f  proce s s i ng. Deep proces s ing rmy b e  re l a t ed t o  be t t er 
re t en t i on of rm t er i a l , becaus e cteep proces s i ng s t ra t eg i es invol ve 
a s soc i a t i ve ani e l aborat i ve rehearsa l .  A.ctcii t i ona l l y ,  s one l ea rners 
rmy be 1mre cons i s t en t  than o t hers in choos i ng cer t a i n  t ypes of 
l ea rn i ng s t ra t eg i es . To t he ext en t  t ha t  l eafi1 i ng s ty l es are 
cons i s t en t , i ns t ruc t ion rmy be 1ms t va l uab l e i f  i t  i s  ma t ched to the 
l ea rn i ng s t y l e. 
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The I nven t ory o f  Learni ng Processes . Schmeck and a s soc i a t es have 
put much work i n t o  t he deve l opment and va l i da t i on of t he I nven tory of 
Learn i ng Proce sses ( I LP) , a se l f  report measure o f  l ea rn i ng s ty l es 
( Schmeck , 1 983 ; Schmeck , Rihi ck & Ramana iah,  1 9 7 7 ) .  I t ems were 
deve l oped by expert s ,  admi n i s t ered to s tuden t s , and fac t or ana l yz ed .  
The end resu l t  wa s  a 6 2  i t em t e s t  (a 7 2  i t em resea rch ed i t i on i s  a l so 
ava i lab l e )  t ha t  appeared t o  mea sure four fact ors : Deep Proce s s i ng ,  
E l abora t ive Proce s s i ng ,  Fac t  Re t en t i on ,  and �,1e t hod i ca l  S t udy . 
The Deep Process i ng fa c t or conta i ns i t ems a s se s s i ng " the ext ent 
to whi ch s tuden t s  cri t i ca l l y eva l ua t e ,  concept ua l l y  organ i z e ,  and 
compare and con t ras t "  (Schmeck , 1 983, p .  24 5). Th i s  fac t or covers 
organ i za t i ona l procedures used in i nforma t i on proce s s i ng .  The 
E l abora t i ve Process i ng fac t or i nc l udes i t erns dea l i ng wi th use of 
imagery , persona l examp l e s  and t erminol ogy , and o t her l inkages to 
persona l exper i ence . Like t he Deep Proces s i ng fac t or ,  t he E labora t i ve 
Proces s i ng fac t or has to do \Vi t h  i n forma t i on proce ss i ng ,  hu t covers 
e l abora t i ve encod i ng procedures (as canpared t o  oq;11n i z a t i ona l 
procedures ) . There i s  sane evi dence t o  sugges t  t ha t  t he Deep 
Process i ng f a c t or and the E l abora t ive Proce s s i ng fac t or are somewha t 
s imi l a r . The corre l a t ion be tween these fa ctors seems rmdera t e l y  h i gh 
(Schmeck , 1 983, c i t ed an i n t ercorre l at i on of . 4 5 ). However , there i s  
a l so some evidence o f  d i f f eren t i a l  va l id i ty ( t hi s evi dence i s  
described be l ow) . Due to t he s imi l a r i ty o f  t he Deep Process i ng and 
E l abora t i ve Proce s s i ng factors , for the purposes of t he current s t udy 
Schmeck ha s recomnendect a s cor i ng procedure i nvo l v i ng t he summ t i on o f  
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the Deep Processing an'i Elaborative Processing scores (R. R. Schneck , 
personal ccmntm i cation , March 15, 1988). High scores indicate the use 
of a deep , elaborative learning style , while low scores represent a 
shallow ,  reiterative learning style. In this scoring systan , the Fact 
Retention and \tethodical Study scores are ignored. 
The Fact Retention factor ite� center on a learner's focus on 
specific details. The \1ethodical Study factor items have to do with 
systamtic techniques , especially drill and practice. 
A fair amount of research has addressed the reliability and 
validity of the ILP. In fact , there seems to be rrore research on this 
instrument than there is on any of the other learning styles measures. 
Schmeck , Ribich , and Ramanaiah (1 9 7 7) found the factors of the ILP to 
have adequate internal consistency (based on a sample of 4 3 4  
students) , although these statistics were a little low for the 
Elaborative Processing factor (.6 7) and the Fact Retention factor 
( . 58 ) . These researchers also reported that the factors have 
acceptable test-retest reliability statistics ,  which ranged frcm .7 9 
to . 88 (for a sample of 95 students). 
Research pertaining to construct valid i ty was reported by Sch�eck 
and Ribich (1 9 7 8). Relatively large numbe rs of undergraduate students 
were given a variety of tests , including the J LP .  The Deep Processing 
factor was positively correlated with a critical thinking test and a 
self-report measure of curiosity , and was negatively correlated with 
t\\U �nxiety scales. The E l aborative Processing factor was positively 
corre l ated with two measures of mental irmgery ( especially a visual 
i n gery subsca l e ) , whi l e t he Deep Process i ng fac t or was nega t i ve l y  
re l a t ed t o  one of these i rmgery measures .  These resu l t s  suppor t the 
idea t ha t  t he Deep Proces s i ng and E l abora t ive Proces s i ng fact ors a re 
so:newha t rl. i f f eren t .  
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I n  t he Schmeck and Ribi ch (1 9 78) s t udy , the ',1et hod i ca l  S tudy 
fac t or was nega t ively re l a t ed t o  t he c r i t i ca l  t h i nk i ng t es t , and was 
pos i t i ve l y  re l a t ed t o  a measure of conforming ( versus i ndependen t ) 
achi evement s t r iv i ng .  The Fa c t  Re t ent i on fac t or was not s i gn i f i cant l y  
re l a t ed t o  any o f  the other t es t s  g i ven .  The Schmeck and Rib i ch 
(1 9 78) s t udy prov i des evi dence for t he cons t ruct va l i d i ty o f  t he I LP . 
I n  ano t her s t udy , Schmeck and Grove (1979) found t ha t  the Deep 
Proce s s i ng ,  E l abora t ive Proce s s i n� ,  and Fact Re t ent i on fact ors were 
s i gni f i cant l y  corre l a t ed wi t h  co l l ege ach i evenen t , a s  measured by 
grade po i nt average (GP�) and s cores on t he Amer i can Co l l ege Tes t i ng 
(ACf) Program Assessmen t . There was a l so a s i gn i f i cant ( a l t hough 
sma l l )  nega t i ve corre l a t i on be tween 1\Cf scores and t he \1et hod i ca l  
S t udy fa c tor . Thi s sugges t s  t ha t  s t uden t s  who focus hea vi l y  on 
sys t ema t i c  d r i l l  and pract i ce rmy have l ow ACf s cores . H i gh ACf 
scores are assoc i a t ed wi t h  other me t hods of l ea rn i ng fa c t s ,  and wi t h  
deep anrl. e l aborat i ve proce s s i ng .  
The Deep Proces s i ng fac t or has been found t o  be re l a t ed t o  
measures of read i ng vocabu l ary and read i ng comprehens i on ( S chmeck , 
1 980) ,  sugge s t i ng t ha t  those who process deep l y  seem t o  tmders tand 
more of wha t  they read . The Deep Proce s s i ng fa c t or was not r e l a t ed t o  
read i ng ra t e ,  wh i ch wa s  int erpre t ed as evi dence of d i f f erent i a l  
val idity . None of the other factors of the I LP were re l ated to the 
reacting measures .  
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These studies on the val idity of the I LP coul d be expl ained by an 
a l ternate hypothesis: the corre l ations between the ILP factors and 
other measures nny be clue to general inte l l igence, rather than to 
different l earning sty l es. Schmeck rlescribect an unpubl ished doctoral 
dissertation (Schmeck, 1 983, p. 25 9) that rleal t with this issue . 
Re l ationships between the ILP and performance remainect after the 
effects of inte l l igence were statistical l y removed . Additional l y, the 
strongest re l ationship fotmd between the ILP and inte l l igence test 
scores \�s r=. 39 . These two resul ts provide evidence suggesting that 
differences in inte l l igence may not fu l l y expl ain the re l ationships 
found between the ILP and performance. 
Thus, after initial research, the ILP has been found to be a 
re l a tive l y re l iabl e  and val id instru�ent for assessing the l earning 
styl es of undergraduates. When canpared to two other se l f-report 
l earning sty l e  tests, the I LP was fmmrl. t o  corre l ate best with 
numerous performance measures (Ribich and Schneck, 1 9 7 9 ) .  
Learning Styl e :  Summary 
The work on l earning styl es suggests that l earners often tend to 
prefer certain cognitive l earning strategies. At the same time , 
students show a l ittl e variabi l ity in their use of l earning 
strat.egi es. \tore specif ical l y, sc:me sturlents show more variabi I i ty 
and may be abl e  to adapt their use of l earning strategies to task 
demmd s . Research has ra t her cons i s t en t l y  shown t ha t  depth o f  
proces s i ng (rm k i ng connec t  i ons and focus i ng on mean i ng )  and u s e  of 
e l abora t i ve process i ng (us i ng i magery and persona l a s soc i a t i ons ) are 
impor tant d i ment i ons a l ong \�1i ch l earners vary . Deep and e l abora t i ve 
proces sors genera l l y achi eve a t  a h i gher l evel and have be t t er l ong 
t erm re t en t i on .  Learners vmo use sha l l ow,  re i t era t i ve l earn i ng 
s t ra t e� i es ffive l l  on rot e  l ea n1 i ng and rmy not l ea rn or remember a s  
e f f ec t i ve l y  as deep , e l abora t i ve l earners . Th e  I LP seems to he a 
re l at i ve l y  rel i abl e and va l i d  t oo l  for assess i ng t hese l ea rn i ng 
s t y l e s . 
Res ea r ch ha s i nd i cat ed t ha t  s t uden t s  rmy l earn bes t when 
i n s t ruc t i on i s  :m t ched t o  t he i r  l ean1 i ng s tyl e .  The i dea t ha t  
s t uden t s  wi t h  d i f f erent l earn i ng s t yl es rm y  bene f i t  frorn d i f ferent 
types of i n forma t i ve feedba ck has not been i nve s t i ga t ed .  
Hypo theses 
TI1e current s t udy was des i gne<i t o  i nves t i ga t e  the ro l e  of 
i n forma t i ve feedback in conce p t  t ea ch i ng CAl , and t o  i nves t i ga t e  
pos s i b l e  i nt eract i ons be tween t ypes of f e edback and s t udent l e::nn i ng 
s t yl e .  Add i t i ona l l y ,  t h i s s tudy i nvol ved a sys t ena t i c  sub j ec t  ma t t er 
ana l ys i s  conduc t ed to deve l op t ypes of feedl� ck t ha t  ma t ch t he 
charac t e r i s t i cs of the sub j ect  ma t t er .  These t ypes of feedback were 
canpared to more comnon l y  u s ed t ypes of f e edba ck . 
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Spec i f i ca l l y ,  t he f o l l ow i ng hypot heses were genera t ed :  
1 .  I nforma t i ve feedback bas ed on a sub j ect  ma t t er error ana l ys i s  i s  
more e f fect i ve t han other t ypes of f e edhack . 
2 .  S tudent s �10 report us i ng deep , e l abora t ive l ea rn i ng s t ra t eg i es 
l earn and re t a i n  more than s t uden t s  who report us i ng sha l l ow ,  
re i t era t i ve l ea rn i ng s t ra t eg i e s . 
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:l .  S t udent s who use deep , e l abora t i ve l ea rn i ng s t ra t eg i es per form a t  a 
h i gher l evel �1en g iven more i n f orma t i ve t ypes of f eedh�ck , wh i l e  
s t uden t s  who use sha l l ow,  re i t era t ive l earn i ng s t ra t eg i es per form a t  a 
h i gher l ev e l  �1en g iven l ess i nforma t ive t ypes of f e edback that repea t 
t he ma t er i a l  t o  be l earned . 
The me t hods and procedure s  used to t e s t  these hypotheses are 
descr ibed in t he next chapt er . 
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OI-\PTER 3 
The s t udy i nvo l ved a two fac t or , repea t ed measures des i gn .  One 
factor wa s  feedback ( s i x  t ypes were examined ) and the other fac t or was 
l earn i ng s t y l e ( two types were exrun i ned ) . Pa rt i c i pant s  t ook a pre 
t es t , R pos t t es t , Rnd a two to four week re t en t i on t es t . Lesson t ime 
was cons i dered as a cova r i a t e  ( a s  descr i bed be l ow) because t he 
i nd i v i dua l s  and f eedback types were expec t ed t o  d i f f er w i de l y  i n  t he 
t ime spen t  on t he C\I l es s on .  
The par t i c i pan t s , t he equ i pment , and the ma t er i a l s  used i n  t he 
s tudy are descr ibed be l �v .  TI1 i s  chapt er a l so i nc l udes descr i p t i ons of 
the procedures used to deve l op t he sub j ect  1m t t er t es t , the CAl 
l esson ,  and t he f e edba ck types . The da t a  col l ec t i on procedures are 
spec i f i ed a t  the end of the chapt er . 
Par t i c i pant s  
TI1e s tudy i nvo l ved 1 0 6  undergradua t e  s t uden t s  enro l l ed  i n  genera l 
psycho l ogy courses a t  e i ther a l a rge tm i vers i ty ( 8 2  par t i c i pant s )  or a 
sma l l er p r i va t e  col l ege ( 2 4  part i c i pant s ) .  TI1e samp l e  was rough l y  65% 
f ema l e and 35% ma l e .  The mean age wa s  23 years ( the age range was 1 8  
t o  4 1 ,  alt hough t he range narrowed t o  1 8  t o  32  when t he oldest 
part icipant was not count ed). 
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The st udents earned ext ra credit for part icipat ing (part icipat ion 
was not required). Before beginning t he study, all of t he st udent s 
report ed t hat t hey had not previously been instruct ed in t he subject 
rrn. t t er t aught by t he 0\1 lessons. 
Fourt een s t udent s (not included in the 1 0 6  described above) began 
but did not complet e  t he st udy. Eight student s indicat ed t hat, before 
complet ing t he ret ent ion t est , t hey had recieved actdit ional 
inst ruct ion in t he subject ma t t er. Four students did not complet e  t he 
retent ion t est (the high rat e of ret urn for t he ret ent ion t es t  is 
believed t o  be due t o  t he fact t hat ext ra crerl.it was not assigned 
until t he ret ent ion t est was complet ed and ret urned). One st urlent 
failed t o  ret urn t he I LP prot ocol, and one st udent ctid not ret urn t he 
short answer por t ion of t he pre t est.  None of t hese st udents were 
included in t he data analysis. 
Equi]Y11ent 
Anple l i e computers were used to run t he CAl lessons. Both of 
t he schools involved had ertucat ional comput ing labs equipped wit h  1 0  
comput ers. 
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\futeria l s  
The Deve l opment of the Lesson and Test 
The subject matter to be taught was sel ected after interviews 
with instructors of undergraduate psycho l ogy courses (subject matter 
experts ) and after an examination of errors on tests from a genera l 
psycho l ogy course . A set of difficu l t  associated concepts (positive 
reinforcement, negative reinforcement, positive punishnent, negative 
punishment, response cost, time out, and extinction ) was identified 
for the research study . These concepts were chosen main l y  because 
they cause notab l e  confusion for l earners . The concept definitions 
(presented in Figure 1) were derived from a textbook (McC�nnel l ,  1 9 8 3 )  
and from interviews with the subject rm tter experts . 
Taxonomica l ana lysis . The set of seven concept definitions was 
subjected to a taxonomica l  ana l ysis (Tennyson & Park, 1 9 80) in order 
to dete�ine the re l ationships among the concepts . Four of the 
concepts (positive reinforcement, negative reinforceMent, positive 
punish�ent , and negative punishment ) are coordinate concepts, cover i ng 
examp l es of behavior change resu l ting from the presentation or remova l 
of stimul i .  These concepts are at the same conceptua l l eve l ,  whi l e  
the rermining concepts are suborctinate . 1Wo of the reJIDining concepts 
(time out and response cost ) are subordinate to negative punishment, 
as they specify two ctistinct types of negative punishment . The fina l 
concept, extinction, is subordinate to pos i tive reinforcement 
IDS I TIVE RE INF'(J-{CB\fu'NT: A behavi or occurs , fol l owed by t he 
presen t a t i on of a s t imul us , resu l t i ng i n  an i ncrea s e  i n  t he ra t e  or 
s t rength of t he behav i or .  
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NEX.i<\TIVE REINFCJ�IENT: <\. behavior occurs , fo l l owed hy t he re'T!Ova l of 
a s t imu l us , resu l t i ng in an i ncrease in t he ra t e  or s t rength of t he 
behavi or .  
POS I TIVE PUNI SH\ffiNT: A behavior occurs , fol l owed by t he present a t i on 
of a s t imu l us , resu l t i n� i n  a decrease i n  the ra t e  or s t rength of t he 
behav i or . 
NEC'ATIVE PUNl SH\lrNr: A behavi or occurs , fol l owed by the re'YIOval or 
unava i labi l i ty o f  a s t imu l us , resu l t i ng i n  a decrea se i n  t he rat e  or 
s t reng th of t he behavi or .  
TIME OJT: A behavi or occurs , fol l owed by a per i od in whi ch s t imu l i i s  
unava i l ab l e ,  resu l t i ng i n  a decrease i n  t he ra t e  or s t rength of t he 
behavi or .  
RESP<l'JSE m-,T :  A behavi or occurs , fo l l owed by t he re'YIOva l o f  a 
s t i�1l us , resu l t i ng i n  a decrea se i n  t he ra t e  or s t rength of the 
behav i or . 
EXTI NCfl<l'J" : A former l y  re i n forced behavi or occurs and i s  not fol l owed 
by re i nf orc i ng s t  i111Ul i ( t he s t imu l i i s  absent ) ,  resu l t i ng i n  a 
decreas e  i n  the ra t e  or s t rength of the behavi or .  
F i gure 1 .  C'...oncept De f i ni t i ons Us ed i n  t he Tes t and 0\ I  Les son . 
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(extinction occurs when positive reinforcement is no l onger ava i l ab l e) 
and to negat ive �1nishment (ext inct ion invol ves the absence or 
unava i l abil ity of stimu l i, resu l ting in a decrease in the rate or 
strength of the behavior) . 
Expert interviews . Further informat ion about the concepts was 
obtained fron interviews w ith subject rm tter experts . Negative 
reinforcement ·�s described as one of the hariest of the concepts 
taught in the general psychol ogy courses . The experts gave three 
rmjor reasons for the difficul ty with negative re inforcement and 
associated concepts . One reason was misunderstanct ing about the 
mean ing of the w:>rds "positive" and "negative . "  1\fany students seem to 
th ink that these terms referrect to the pl easantness (positive) or 
aversiveness (negat ive) of the stimul i invol ved . 
A second reason given by the experts was the sim i l arity of the 
terms positive rei nforcement, negative reinforcement, positive 
punishment, anct negative punishment, which are d ifferent combinations 
of the same four \rords. There are al so sone confusing simi l ar ities in 
the meanings of the concepts . Th is simil arity may confuse and 
overwhelm some students. 
One of the experts mentioned a third reason for student' s 
difficu l ty w ith the subject � tter . The l earners may fail to ctevote 
attent ion and effort to master ing the concepts, and thus have 
incomp l ete knowl edge of the subject matter . 
Revi ew o f  genera l psycho l ogy exams . \Vhi l e  t he expert i n t e rv i ews 
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provi ded va l uabl e i n fo�na t i on ahou t t he sub j ect ma t t er and t he rea s ons 
f or e rrors , t he genera l psycho l ogy course exam que s t i ons were l es s  
he l pfu l . Exams f rom a numher o f  d i f f eren t years were rev i ewed . The 
exams con t a i ned f ew ques t i ons on t he seven i den t i f i ed concept s .  
Al t hough t he error ra t es were h i gh ,  t he ques t i ons were no t 
d i agnos t i ca l l y he l p fu l . 
Deve l opmen t o f  the poo l o f  que s t i ons . Fo l l owi ng t he exper t 
i n t erv i ews and t he exam revi ew , examp l es and a l arge hank o f  ques t i ons 
were deve l oped . Many of t he s e  ques t i ons were crea t ed to addre s s  t he 
poss i b l e reasons f or f requen t errors , espec i a l l y  t he i dea t ha t  t he 
t erms " pos i t i ve "  and "nega t ive" are used i ncorrec t l y  ( t he examp l e  i n  
Append i x  B i s  one o f  these t ypes o f  ques t i ons ) .  The de f i n i t i ons and 
ques t i ons were revi ewed by sub i ec t  ma t t er expe r t s t o  i nsure t ha t  t he 
def i n i t i ons and ques t i ons were a ccura t e  ( f ive expe r t s  were i nvo l ved , 
a l t hough roos t  exre r t s  rev i ewed subs e t s  of t he group of que s t i ons and 
exampl es ) .  The de f i n i t i ons we re rev i s ed once and were then approved 
by three out of t hree expe r t s .  Ques t i ons were accep t ed for t he s t udy 
on l y  a f t er hav i ng been answe red correc t l y by a t  l ea s t  t hree expert s .  
Sane que s t i ons were d i s ca rded wh i l e  o t he r  ques t i ons we re rev i s ed and 
rev i ewed a ga i n by sub j e c t  rm. t t er exper t s .  
The exper t  rev i ew served no t on l y  t o  va l i da t e  t he ma t er i a l s  ( a s  
descr i bed above ) bu t was a l so used t o  e s t i rm t e  que s t i on d i f f i cu l ty 
-
( Tennyson and Bou twe l l ,  1 9 74 ) . Af t er answer i ng ea ch ques t  i on ,  t he 
exper t s  comp l e t ed a f ive po int  L i kert ra t i ng s ca l e  whi ch had t he 
fo l l owing l abe l s :  t oo ea sy ( 1 ) , eas y  ( 2 ) ,  rmdera t e l y  d i f f i cu l t  ( 3 ) , 
d i f f i cu l t  ( 4 ) , and t oo  d i f f i cu l t  (5 ). The exper t  ra t i ngs were t hen 
averagerl. for each que s t i on .  
A second d i f f i cu l t y ra t i ng wa s  obt a i ned when the ques t i ons were 
f i e l rl.  t es t ed ( i n penci l anrl. paper f orma t )  on sma l l  groups of 
undergradua t 8  and gradua t e  s t url.en t s  (Tennyson & Bou twe l l ,  1 9 74 ) . The 
d i ff i cu l t y  ra t i ng was the percen t a ge of s tuden t s  correc t l y  answe r i ng 
each ques t i on . 
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Thes e  two d i f f i cu l ty ra t i ngs ( one hy exper t s  and one hy s tuden t s )  
were u s erl. t o  e l i m i na t e  very ha rd ques t i ons ( ra t ed 5 by t he exper t s  
and answered correc t l y  by l es s  t han 1 0 %  o f  the s tuden t s )  and ea sy 
ques t i ons ( ra t ed 1 or 2 by t he expert s and answererl. correc t l y  by over 
6 6 %  of the s t uden t s ) .  The re1m i n i ng ques t  i ons were used in e i t her the 
l esson or t he t es t . 
Thi nk a l oud prot oco l s  f rom expert s .  The f i na l  purpose o f  the 
exper t rev i ew ( i n add i t i on t o  va l i rl.a t ing t he ma t er i a l s  and es t i � t i ng 
the d i f f i cu l t y  l evel  of t he ques t i ons ) was to de t e rm i ne t he probl em 
sol v i ng procedures used by exper t s .  As t hey worked on t he ques t i ons 
t he exper t s  des c r i bed the probl em so l vi ng procedures they were us i ng .  
The e xper t ' s  procerl.ures were recorderl. i n  a forma t s imi l ar t o  
t h i nk-a l oud pro t oco l s (Larki n  & Ra i narrl. , 1984 ) .  The pro t oco l s  were 
ana l yz ed qua l i t a t ive l y  for pa t t erns . Qua t i t a t i ve da t a  was a l so 
col l ec t ed ,  i n  the form of t he f requency of the pa t t erns i n  t he f i ve 
exper t ' s  t h i nk a l oud pro toco l s  ( wh i ch con t a i ned a t o t a l  o f  28 
ques t i ons ) . The resu l t s  provi ded i nforma t i on about e f fect i ve probl em 
s o l v i ng proces ses . 
44  
Al l f i ve o f  the exper t  revi ewers usua l l y  a t t a cked the que s t i ons 
in �1ch t he same way . Aft er rea d i ng a ques t i on ,  t he exper t s  usua l l y 
s t a t ed c l ea r l y  the behavi or t ha t  wa s  the focus o f  the que s t i on .  Nex t , 
t he change i n  t he ra t e  or s t rength o f  t he behavi or ( an i ncrea se or 
decreas e  in the ra t e  o f  t he behavior)  was i den t i f i ed .  F i na l l y , t he 
exper t s  not ed t he change i n  s t imu l i f o l l owing t he behavi or ( s t imu l i 
were pre s en t ed ,  removed , or unava i l abl e ) . Thi s probl em so l vi ng 
sequence occured i n  6 1  % o f  t he 2 R  ques t i ons rev i ewed i n  t he exper t s ' 
t h i nk a l oud pro t o co l s .  
On t he eas i es t  ques t i ons , and occas i ona l l y  on harder concept s , 
t he exper t s  solle t imes reversed t he order o f  t he l a s t  two s t eps . I n  
these cas e s  t he expe r t s  i den t i f i ed t he change i n  the s t imu l i be fore 
focus i ng on t he change in t he ra t e  or s t rength of t he behavi or ( th i s  
occured i n  2 9 %  o f  the que s t i ons rev i ewed i n  the expert s '  t h i nk a l oud 
pro toco l s ;  t he rerm i n i ng 1 0 %  cou l d  not be eas i l y c l a s s i f i ed ) . 
By us i ng the s t eps above t he exper t s  were abl e  t o  correc t l y  
answer t he que s t i ons . However , i t  was apparen t t ha t  t he f requent use 
o f  "pos i t i ve "  and "nega t i ve "  sane t imes confused t he exper t s , a l t hough 
usua l ly onl y  :rn:rnen t ar i l y .  Furt her ev i dence o f  t he d i f f i cu l ty o f  t he 
subj e c t  ma t t er cones from t he observa t i on tha t , when work i ng on the 
hardes t ques t i ons , t he exper t s  sone t i r1es made wr i t t en not es as t hey 
fol l owed t he probl e� sol v i ng procedures . 
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Th i nk a l oud pro t oco l s from nov i ces . TI1 ink-a l oud protoco l s  
(Larki n  & Ra i nard , 1 9 8 4 )  were a l so col l ec t ed from t hree na i ve s t uden t s  
a s  t hey ran t he C�I l es son ( t he l es sons a re descr i bed be l �v i n  
de t a i l ) .  Thes e  p ro tocol s wera ana l yz ed i n  the same rmnner used t o  
ana l yz e  the expert s '  prot oco l s  ( t he p rotoco l s  were exami ned for 
pa t t erns , and t hen the frequency of these pat t erns wa s  ca l cu l a t ed ) . 
TI1ere were many s imi l ari t i es in t he ways t he three s t uden t s  ( novi ces ) 
a t t acked the l esson .  Al l t hree s t udent s cam.1 l a i ned about t he fa c t  
t ha t  t he words "pos i t ive , "  "nega t ive , "  "re inforcemen t , "  and 
"puni sh'l1ent "  were used f requen t l y  in the concept names . At t imes 
t hese l ea rners forgot wh i ch concept was invo lved in a ques t i on on 
whi ch t hey were \vorki ng ( " I s  thi s supposed t o  be pos i t ive or nega t i ve 
re inforcemen t ? " ) . 
I n  t he t h i nk a l oud pro t oco l s ,  a l l t hree l ea rners some t imes used 
"pos i t ive" and "nega t ive" to re f er t o  p l easantness or averseness of 
the s t imul i i nvo l ved . TWo of t he three l earners had a no t ab l e 
d i f f i cu l t y i n  us i ng "pos i t i ve" and "nega t i ve'' correc t l y ,  wi t h  one of 
these l earners always us i ng these t e nns incorrec t l y .  An examp l e  of 
this confus i on o f  t e�ns is  when one l earner , ana l yz i ng an examp l e t o  
de t ennine t he concep t invo l ved , s t a t ed " ·  • •  nega t i ve re i n forcernent . • •  ':1 
nega t i ve some t h i n� rennved • • •  " I n  t h i s  i ns t ance , t he l ea rner 
men t ioned bot h  the correct and the i ncorrect mean i ng of the t e� 
" nega t ive . " On occas i on ,  one l ea rner u s ed "nega t i ve "  t o  ref er to a 
decrease in the behavior rate, and used "positive '  to re fer to an 
increase in the beha vior rate . 
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The learners who contributed thi nk aloud proto cols used proble111 
solving pro cedure s that di f fered sonewhat from the pro cedures used by 
the experts (as described previously) . The novi ce learners o ften 
began, like the experts, by noting the behavior in question . The 
lea rne rs sometimes (but not a l ways) used the second A.nrl. third steps o f  
the experts, although in variable order (the novi ces clearly followed 
one o f  the two expert proble111 solving sequences in 1 0 %  o f  the 1 2 8  
questions reviewed by the novi ces) . While the experts usually fo cused 
on the change in the behavior be fore attending to the change in the 
sti�li, the learners did not co nsistently attend to one be fore the 
other . �t times the learners ignored the change in the stim1li, 
looking instead for the averseness o f  the stimuli (as discussed 
earlier) . Thus, the learners rarely used the problem solving 
sequences used by the experts . 
One other error the learners rmde during the think aloud 
pro toco ls was to ana l yz e  the question from a common sense point o f  
view. This error was fairly rare and occurred on some o f  the 
quest ions that the expert reviewers c�t l l  ed " counterintuitive . "  For 
instan ce, one question (on positive rein forcement) involved a s t udent 
who yelled answers in class . Ea ch time this happened the instur ctor 
screamed at the stndent . I n  the quest ion, the instru ctor's s creaming 
increased the rate at whi ch the student yelled answers, although it 
might he expe cted ( from a common sense point o f  view) that the 
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profes sor ' s  scream ing wou l d  decrease t he s t uden t ' s  ye l l i ng. The t h i nk 
a l oud pro t oco l s  show t ha t  on such coun t er i n t u i t i ve exa'Tlp l es the 
l earners o f t en c l a s s i f i ed t he examp l es a s  i f  t hey confonned more t o  
expec t a t i on s .  I n  t he examp l e  above , t he l ea rners s e emed t o  expec t t he 
i n s t ruc t or ' s  ye l l i ng t o  decrease t he ra t e  of the behav i or ,  and so 
c l as s i f i ed t he exa�p l e  a s  t hough t ha t  i s  wha t happened. I n  the words 
of one l ea rner , " • • •  but t ha t ' s  not gonna i ncrea s e  i t ,  i t  [ re f err i ng t o  
t he i ncrea s e  i n  t he heha i or ] can ' t  he r i gh t  • • • •  " Th i s  l ea rner t hen 
i ncorrec t ly chos e  pos i t i ve pun i shmen t i ns t ead of t he correc t  answer , 
pos i t ive re i nforc�nen t .  
A. d e s c r ipt i on of the 0\J l es son. Af t er t he ques t i ons were 
deve l oped , re f i ned , and ana l yz ed ,  t he t es t  and f i rs t  vers i on of t he 
l es son were a s s e�b l ed .  The t e s t  and CAl l es son we re rev i ewed hy 
subj e c t  !ffi t t er exper t s  who made c r i t i ca l  coomen t s .  Th e  l e s son wa s 
revi s ed and rev i ewed aga i n  hy sub j e c t  ma t t er expe r t s .  Af t er t he 
s econd rev i ew ,  t he l e s son wa s deemed a c cep t ab l e  ( ba s ed on t he exper t s ' 
corrmen t s ) • 
The l e s son sequence i s  de s c r i bed i n  F i gure 2 .  The l e s son began 
wi t h  i n t roduc t ory f rame s , wh i ch i Y�c l uded a t i t l e  f rame , a goa l and 
rro t i va t i ona l f rame , and an ob j ec t i ves f rame ( s ee Append i x  A for 
spec i f i c  word i ng ) . A s er i es of i ns t ruc t i ona l and t e s t i ng f ra'Tles 
fo l l owed t he i n t roduc t ory frame s .  F i rs t , a def i n i t i on and examp l e  
were pre s en t ed f or ea ch o f  t he four coord i na t e  concep t s ( pos i t i ve 
re i nforc�nen t ,  nega t ive re i n forcemen t , pos i t i ve pun i shmen t ,  and 
1 .  I n t roduc t ory f rames ( see Appenoi x  A ) ; 
2 • I ns t rue t i on : 
De f in i t i on and 
De f i ni t i on and 
De f ini t i on and 
Def i ni t i on and 
examp l e  o f  
examp l e o f  
examp l e  o f  
examp l e  o f  
pos i t i ve 
nega t i ve 
pos i t ive 
nega t i ve 
r e i nforcemen t ; 
reinfor cemen t ; 
pun i shmen t ;  
pun i shmen t ; 
3 .  Tes t ing : 
I den t i fy de f i ni t i on for 
I dent i fy de f i ni t i on for 
I den t i fy de f ini t i on for 
I dent i fy ne f i ni t i on for 
I den t i fy new exmnpl e of 
I dent i fy new examp l e o f  
I den t i fy new examp l e  of 
I dent i fy new examp l e of 
4 • I ns t rue t i on : 
pos i t i ve 
nega t ive 
pos i t i ve 
nega t i ve 
pos i t ive 
nega t i ve 
pos i t ive 
nega t ive 
re i n forcemen t ; 
r e inforcement ; 
pun i sh11en t ; 
pun i shment ; 
re i nforcement ; 
re i nforcemen t ; 
puni sh"'ent ; 
pun i shmen t ; 
De f in i t i on and examp l e of respons e  cos t ; 
De f i ni t i on anri examp l e  of t ime out ;  
5 .  Tes t i ng : 
I den t i fy de f i ni t i on for 
I dent i fy de f i ni t i on f or 
I dent i f y new exampl e o f  
I dent i fy new exa� l e of 
f) • I ns t r t uc t i on : 
response cos t ; 
t ime out ; 
res ponse cos t ; 
t ime out ;  
De f in i t i on and examp l e  of ext i nc t i on ;  
7 .  Tes t ing ; 
I den t i fy de f ini t i on of ext i nc t i on ;  
I dent i fy new exampl e of ext i nc t i on ;  
8 .  Tes t ing : 
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Four t een exampl es ( two f o r  ea ch concept , pre s en t ed i n  a mixed 
order [ t he exapl es do not f o l l ow a sys t:na t i c  order by concep t ,  but a re 
present ed i n  t he same order for each s t udent ] )  t o  iden t i fy ( chos e  t he 
correct concept name ) ;  
9 .  Tes t i ng : 
Seven examp l e s , each i nvo l i ng two concep t s  t o  i dent i fy ( each 
concept i s  i nc l uded in two examp l es , and t he order of pre s en t a t i on i s  
mixed ) ; 
1 0 . Cl o s i ng f rame �1i ch t e l l s  t he s t udent tha t  t he l es son i s  over and 
i ns t ruc t s  t he s t udent t o  report t o  t he l ab moni t or t o  take t he 
pos t t es t . 
F I GURE  2 :  A Des c r i p t i on o f  the Componen t s  of the 0\ I  Les son . 
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nega t i ve pun i shmen t ) .  TI1en t he l earner was asked t o  choos e  t he 
correct de f in i t i on when g iven t he concept name ( once for each 
concep t ) .  Next t he l earner had to recogni ze a new examp l e  ( f rom a se t 
of examp l e s ) \�1en g i ven t he concept name (once for each concept ) .  
De f i n i t i ons and exampl es were t hen pres en t ed ( one a t  a t ime ) for 
t he two subord i na t e  concept s  re l a t ed t o  nega t i ve re i n forcemen t 
( response cos t and t ime out ) .  As wi t h  t he f i rs t  four concep t s ,  t he 
ins t ruc t i ona l de f in i t i ons and exampl e s  were fol l owed by ques t i ons on 
t he concept de f i n i t i ons . Next came ques t i ons requ i r i ng t he 
i den t i f i ca t i on o f  new concept examp l e s . 
I ns t ruct i on ( de f ini t i on an� exampl e )  f or t he f i na l  concept 
( ext i nc t i on ,  a concept subord i na t e  to pos i t i ve re i nforcemen t and 
nega t i ve pun i shmen t ) was t hen pres en t ed . As wi t h  the o ther 
i ns t ruc t i on- t es t  sequence s  <iescri bed above , t he i ns t ruc t i on was 
fo l l owed by a ques t i o'1 requ i r i ng t he l earner t o  choose t he correct 
de f in i t i on of ext inc t i on .  Then t he l earner vva s  a sked to recogni z e  a 
new examp l e  o f  ext i nc t i on .  
TI1e i n i t i a l  i ns t ruc t i on- t e s t i ng sequence was fo l l owed by 14  
ques t i ons ( two per concept ) i n  wh i ch exa�) l es were present ed s ingl y  
for i dent i f i ca t i on ( l earners were gi ven concept names t o  choos e  f ron) . 
Tile l ea rner was next gi ven s even C�) l ex examp l es whi ch i nvo l ved two 
concep t s  per examp l e  ( the l earner was requ i red t o  i den t i fy both 
concept s  i nvo l ved , one a t  a t ime ) .  � br i e f  c l os i ng f rame ended t he 
program . 
Af t er t he l es son wa s crea t ed ,  t he task demawis o f  t he l es son were 
spec i f i ed .  The obj ec t i ves and t ypes o f  ques t i ons d e t ennined t he t ask 
demands . The l es son requ i red knowl edge of ca t egor i e s , comprehens i on ,  
and app l i ca t i on (Bl oem, 1 9 5fl ) .  Knowl edge of cat egor i es was needed t o  
recogni z e  and reca l l t he concept de f in i t i ons . Al t hough t h e  ques t i ons 
on t he de f i n i t i ons i nvo l ved word i ng s imi l ar t o  t he word i ng i n  t he 
i ns t ruc t i ona l f rames (wh i ch t each the de f ini t i ons ) , t he concept s  were 
so d i f f i cu l t t ha t  canprehens i on was very he l pful  for perf ormance . 
App l i ca t i on o f  know l edge i s  requ i red on ques t i ons i n  whi ch l earners 
had to i dent i fy and give examp l es of t he concep t s .  Cons i de r i ng these 
task demands , l earners needed t o  ga i n  a good under s t and i ng o f  t he 
concep t s  i n  order t o  perfonn we l l  on t he l es s on .  Rot e  l earn i ng o f  
concept de f in i t i ons shou l d  not have been enough for ma s t ery . 
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Sumnary o f  the subj e c t  ma t t er error ana l ys i s .  The subj e c t  ma t t er 
error ana l ys i s  inc l udect 11. rev i ew o f  t he sub j e c t  ma t t er ,  11. taxoncm i ca l  
ana l ys i s  o f  t he subj ect ma t t er ,  expert i n t erv i ews , t he crea t i on and 
t e s t i ng o f  spec i a l i z ed ques t i ons , expert and nov i ce t h i nk-a l oud 
pro t oco l s ,  anct an ana l ys i s  o f  t he t ask danands of t he l es s on .  These 
procedures providect i n forma t i on ahou t t he sub j e c t  ma t t er and l earn i ng 
t ask and sugges t ect a number o f  d i f f eren t  reasons for t he d i f f i cu l ty o f  
the sub j e c t  ma t t er .  The sub j e c t  ma t t er i nc l udes a se t o f  four 
coorct i na t e  concept s and t hree suborct i na t e  concept s .  Al l of t he 
concept s  are s imi l a r  i n  mean i ng .  Four o f  t he concept s  have very 
s imi l ar names . The l earn i ng t ask requ i res knowl ectge , comprehens i on ,  
and app l i ca t i on l earn i ng ( Bl oom, 1 9 56 ) . 
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The sul)j ec t ma t t er error ana l ys i s  sugges t en t ha t  one pos s ib l e  
reason for errors i s  incorrec t use o f  the terms "pos i t i ve "  and 
"nega t i ve "  to re f er to t he avers i veness of t he s t imul i ,  or , much l es s  
frequen t l y ,  t o  re fer t o  the change ( increase o r  necrea s e )  i n  t he 
behavi or . Another poss i b l e reason for errors i s  t he s im i l ar i ty of t he 
nrunes of four of the seven concep t s  ( pos i t ive re i n forcement , nega t i ve 
re inforcemen t , pos i t i ve plm i shment , and nega t i ve pw1 i shmen t ) .  The 
expert i n t ervi ews and think al oud pro t oco l s  su?:ges t ed a t h i rd rea s on 
for errors : expert s  and novi ces rmy use sar�evvha t  n i f ferent s t eps i n  
probl em s o l v i ng .  A four th rea son for errors , sugges t ed by one exper t  
( but encmm t e red ncmhere e l se ) , i s  l a ck of fu l l  a t t ent i on t o  the 
l earn i ng t a sk . I f  s t uden t s  are we l l  n t i va t ed t o  l earn t hen lack of 
fu l l  a t t en t i on rm.y not be a cannon reason for errors . One f i na l  
reason for errors i nvolved t he occas i ona l t endency t o  i n t erpre t 
cmmt e r i n t u i  t i ve examp l es as t hough t hey f i t  comnon sense 
expec t a t i ons . H�vever , t h i s error was rare . 
TYpes o f  f e edback deve l oped f rom t he subj e c t  ma t t e r  e rror 
ana lys i s .  Based on t h i s  sub j e c t  ma t t er error ana l ys i s  i t  ma y  be 
poss i b l e t o  pred i c t  t he mos t e f f ec t ive t ypes o f  f e edback . I f  t he task 
i nvolved ro t e  l earn i ng ( knowl edge ) then KR or KCR migh t  be bes t . 
However , t he t ask requ i res more i n-depth l earn i ng ( conprehens i on and 
app l i ca t i on ) . There fore , i t  see111S l i ke l y  t ha t  a more i nforma t ive type 
of feenba ck may be be t t er t han h.'B. or KCR. Add i t i ona l l y ,  t he t ask i s  
canpl ex ,  errors are f requent ( a s  demons t ra t ed i n  t he pi l o t  s tmiy , 
descr ibed l a t er ) , and l earners t end t o  have cer t a i n  probl ems wi th t he 
t ask . Th i s  sugr,es t s  t ha t  we l l  des i gned exp l ana t ory f eedback rmy be 
hypo t he s i z ed t o  be more e f fect i ve t han o t her t ypes o f  f e erlha ck . 
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The sub j ect 1m t t er error ana l ys i s  l ed t o  t he crea t i on o f  two 
t ypes o f  expl anat ory f eerlha ck wh i ch address t he rnos t l ike l y  reasons 
for errors . � form of corre c t i ve f eedback was crea t ed t o  exp l a i n  t he 
meani ng o f  t he t erms "pos i t i ve" and " nega t ive , "  wh i ch were found t o  be 
frequent l y  mi s Lmders t ood . Th i s  form of feedback a l so exp l a ins the 
words " r e i nforcement " and " pun i shmen t . "  \1ore spec i f i ca l l y ,  when a 
l earner 1mkes an error i nvo l v i ng one of the coord i na t e  concep t s , t he 
t e�s i n  t he name o f  t he concept a re exp l a i ner! ( i . e .  an error on a 
ques t i on abou t nega t i ve re i n forcement resu l t s  i n  an ex"P l ana t i on of t he 
terms ''nega t i ve "  and " re i  nf orcemen t " )  • When a l ea rner rrnkes an error 
on one of t he subord i na t e  concept s response- sens i t i ve correc t ive 
feedba ck ( fe edback that exp l a i ns t he correct answer in rel a t i on to t he 
i ncorrec t answer ) i s  g iven t o  he l p  l ea rners d i s c r i m i na t e  among 
confus i ng concep t s .  TI1i s  f i rs t  t ype of feeriba ck , s pec i a l l y  des i gned 
in l i gh t  of suspec t ed mi sconcep t i ons (mi sunders t and i ng of t he t erms 
"pos i t ive"  and "nega t i ve , " and confus i on of t erms wi th s im i l ar nmnes 
and mean i ngs ) ,  wi l l  be ca l l ed corre c t i ve (mi sconcep t i on )  feedback . 
Th i s  f orm o f  f eedba ck i s  hypo t hes i z ed t o  he t he mos t e f f ec t i ve t ype o f  
f eedback for the l earning task . 
A s econd type of feedback wa s  deve l oped t o  address ano t her of the 
suspec t ed rea sons for errors : s t uden t s  use i ne f f ec t i ve prol)l em so l v i ng 
proce s s e s . Expert s and nov i ces seem t o  approach t he l earn i ng task i n  
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d i ff erent ways . Nov i ces some t imes use probl em s o l v i ng s t eps tha t  
d i f f er from those used by exper t s .  G iven these observa t i ons abou t t he 
subj ect ma t t er ,  i t  se� t ha t  process feedba ck may be e f fect ive for 
thi s l ea rn i ng t a s k .  
A fo�n of process f eedback wa s  deve l oped t o  descr i be t he corre c t  
probl em sol v i ng process used mos t f requent l y  by t he expert s .  The 
process  f eedback a l so po i nt s  ou t to the l earner where he or she wen t  
wrong i n  t he probl em solv ing process f or a part i cu l ar ques t i on .  Th i s  
form o f  f eedback i s  hypothes i z ed t o  be rmre e f f ect i ve than KR and KCR. 
Because t here a re f ew s t eps i n  t he probl em s o l v i ng proces s ,  and 
because exper t s  some t imes used the s t eps i n  di ff erent orders , i t  may 
be t ha t t he use o f  i ne ff ec t i ve probl em solving processes i s  a l es s  
impor tant reason for errors t han i s  confus i on about t he concept t erms 
and mean i ngs (described above ) .  I f  t h i s i s  t rue then correct i ve 
(mi sconcep t ion ) f eedback rmy be rmre e f f ec t ive t han proces s  feedback . 
I n  addi t i on t o  correct ive (mi sconcept i on) feerl.back and process 
f eedback , t he current s t udy a l so invol ved o ther t ypes of f eedback t ha t  
are rou t i ne l y  used in 0\ I . These t ypes of feerl.hack were : no f eedba ck , 
KR, KCR , and correc t i ve feedback . Th i s  fo�� of correc t i ve f eedback 
repea t s  t he de f i ni t i ons and appl i es i nfo�t i on g i ven dur i ng i n i t i a l  
i ns t ruc t i on .  Thi s type of correc t i ve feedback wa s  rl.es i gned wi thou t 
cons i dera t i on o f  t he informa t i on ga i ned f ran t he subj ect  ma t t er error 
ana l ys i s .  
The t ypes of feedback exami nerl. i n  the s t udy are su'1111ar i z ed and 
def ined i n  F i gure 3 ( see �ppendi x  B f or an examp l e  of each of t he 
N:) FEEDAACX : The l earner received no feedba ck mes sage . 
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KN:J VLED3E  OF R!�'SULTS (KR) : The l earner was t o l d  on l y  t ha t  hi s or her 
answer wa s i ncorrec t .  
TNJNLETYJE OF cr:J:m.Ev� H.ESPCNSE (KCR) : The l earner rec e i ved a 
s ta t enent spec i f i y i ng t he correc t answer . 
OOffilFJ;fiVE FE8)�CK : The l earner wa s  presen t ed wi t h  the concept 
de f i n i t i on ( a s  in t he i ni t i a l  i ns t ruc t i on ) , and , i f  t he ques t i on 
i nvol ved an exa'11pl e ,  the l earner wa s  t o l d  how t he de f in t  i on f i t  the 
examp l e .  
PRXjESS FEEDAAO{ : The l earner rec e i ved an exp l ana t i on of probl em 
s o l v i ng s t eps t o  use , and was t o l d  where he or she went wrong in t he 
probl em s o l ving proces s . Thi s  type of f eedback was bas ed on the 
subj ec t ma t t er error ana l y s i s .  
CUffi.ECI'IVE (MI S<XNCEPTICN) FEEDJ¥..0{ : I f  the que s t i on i nvol ved a 
concept wi t h  t he t erms "pos i t i ve "  or "negat i ve , "  t he l ea rner rece i ved 
an exp l ana t i on of a l l  of the par t s  of the t e� i nvol ved ( i . e . , t he 
l earner r e c i eved exp l ana t i ons o f  "pos t ive " or " nega t ive" and 
" re i nforcement "  or "puni shmen t " ) .  I f  the que s t i on i nvol ved a concept 
wi thout t he t erm "pos i t ive" or ''nega t ive , " t he l ea rner rece i ved a 
ccmpa r i son o f  the correc t answer and the incorre c t l y  chos en answer .  
Th i s  type o f  f e edback was ba s ed on the subj e c t  ma t t er error ana l ys i s . 
F i gure 3 .  Des c r i p t i ons of t he Feedback Types S t ud i erl .  Append i x  R 
i nc l udes examp l es of each t ype of f e edback .  
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f eedback t ypes ) .  The s i x  t ypes o f  f eerlhack app l y  t o  i ncorre c t  answers 
( correct answers are fol l wed by t he word " correc t " ) .  The exper t s  
revi ewed a l l o f  t he types o f  f eedback and he l ped ref i ne t he feedba ck 
s ta t emen t s .  
The t es t . The t e s t  userl t o  measure per formance \W S i n  penc i 1 and 
paper forma t  and i nc l udect a t ot a l  of 4 2  ques t i ons (Appel'l<ii x  C con t a i ns 
t he t es t ) .  The t es t  began hy a sk i ng for examp l es o f  each concept 
( the s e  ques t i ons requ i red t he a pp l i ca t i on of knowl edge ) .  Then t he 
t e s t  a sked the l earner t o  reca l l  ( i n h i s  or her own words )  t he 
de f i n i t i ons o f  t he concep t s .  TI1e ques t i ons whi ch a sked for 
de f i n i t i on s  and examp l es cons t i t u t ect the shor t answer por t i on of t he 
t es t . Nex t , s i ngl e examp l e s  were pre s ent ed anct t he l ea rner i dent i f i ect 
the concept i nvol ved i n  each ex��p l e  ( three t imes for each concep t , i n  
a �J l t i p l e  cho i ce format ) .  F i na l l y ,  concept na�es were gi ven a l ong 
wi t h  var i ous de f i n i t i ons for recogn i t i on ( a l so mu l t i p l e  cho i ce ) . 
Scor i ng o f  t he mu l t i p l e  cho i ce sect i on o f  t he t es t  was rout i ne .  
The sho r t  answer t e s t  \W S s cored for accuracy hy two scorers . The 
s corers agreer:l 9 1% o f  t he t ime . D i sagreemen t s  were ct i s cus s ed hy the 
s corer s  unt i l  � consensus \va S rea ched . 
The t es t ,  wh i ch was us ect a s  p re t es t , pos t t es t , anct re t en t i on 
t es t ,  wa s  admi n i s t ered twi ce t o  3 2  s t uden t s  i n  order t o  i nves t i ga t e  
re l i ab i l i ty .  The t es t -re t es t  i n t erva l wa s two t o  f our weeks . The 
t es t - re t e s t  re l i abi l i ty \va S  . 9 1 . Th i s sugges t s  t ha t  the t es t  i s  
r e l i ab l e .  
5 6  
P i  l o t  s tudy . Af t er t he t ypes of f e edba ck we re deve l operl. , t he G\I 
l e sson vers i ons and t he paper and penc i l  t e s t  were p i l o t  t es t en by 24  
tmdergradua t e  s t uden t s .  A l l o f  t he f e edback vers i ons were p i l o t  
t es t ed by a t  l ea s t  t hree s t uden t s .  The l e sson ver s i ons t ook t he 
s t uden t s  about one hour t o  comp l e t e  ( 4 5  t o  70  m i nu t e s )  as rl. i d  t he t e s t  
( 5 0  t o  75  minu t es ) . 
The l e s s on vers i ons were found t o  be modera t e l y  d i f f i cu l t for 
t h i s  group o f  sub j e c t s  ( t hey correc t l y answere<i 1 2% to 8 1 %  o f  t he 
ques t i ons correc t l y ,  wi t h  t he average l� i ng 5 1 %  cor rec t ) .  The 
s t uden t s  rece i ved t he feerl.ba ck f ran 8 to 37 t imes wi t h i n  t he l e s son . 
CXl t he average , t hey rece i ved t he feedbac"k 20 . 47 t imes wi t h i n  t he 
l esson ( i nct i ca t i ng t ha t  e r rors were f requent anrl. t ha t  t he t rea tmen t 
was rece i ved o f t en ) . The s t uden t s '  s cores on the t es t  ranged from 1 7 %  
t o  9 3 %  o f  t he answe rs correc t , wi t h  t he average be i ng 5 3 % ,  i nct i ca t i ng 
t ha t  t he t e s t  was a l so modera t e l y  d i f f i cu l t .  �dct i t i ona l l y ,  a l l seven 
concep t s  s eemed d i f f i cu l t ,  espec i a l l y  nega t i ve r e i nf or cement and 
nega t i ve pun i shmen t .  I n  genera l ,  t he s t uden t s  f01md i t  ea s i er t o  
recogn i z e  and rec11 l l  de f i n i t i ons and exmnp l es and harder t o  apply t he 
concep t s  t o  t he i r  �1 exa� l e s . 
The p i l o t  s t udy resu l t erl i n  some impo r t an t  changes . The i n i t i a l  
i ns t ruc t i ons were c l a r i f i ed .  A sma l l  nunber o f  t �)ographi ca l  errors 
were correc t ed .  The forma t of t he program was a l t �red ( t he ob j ec t i ves 
were reworded , key words we re h i gh l i gh t ed ,  spa c i ng was changed , and 
"p l ea s e  wa i t "  mes sages were i ns e r t ed be fore l ong pauses ) .  I n  one 
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vers i on o f  t he l es son a "bug" was d i scovered wh i ch cau s ed t he canput er 
to s t op and report a sys t em error ( thi s was corre c t ed ) . 
The I nven t ory o f  Learning Proces s e s  
Th e  I nvent ory of Learni ng Processes ( I LP ) i s  des c r i bed i n  Chapt er 
4 .  The I LP i s  a 6 2  i t em se l f  report measure wh i ch asks ques t i ons 
about l earni ng s t ra t eg i es (Append i x  D con t a i ns a copy of t he I LP ) . 
The t e s t  can be scored in  a nunber of ways . &1s ed on t he 
recommenda t i ons of the aut hor o f  the I LP (R. R. Schmecl( , persona l 
ccxnmm i ca t i on ,  \1arch 1 5 ,  1 9 8 8 )  t he s cor i ng used i n  t h i s  s t udy divi des 
l earners into two bas i c  l ea r i ng s ty l es ( some l earners fa l l  i n t o  
ne i ther l earn i ng s t yl e group and are not c l a s s i f i ed on l earn i ng 
s t y l e ) . The Deep Process i ng an1 E l abora t ive Proces s i ng scores are 
sunned . Hi gh scores ( in t he t op t h i rd of t he ent i re group of 
part i c i pant s )  i nd i ca t e  a deep , e l abora t i ve l earni ng s t yl e .  Low s cores 
( i n t he bo t t om thi rd o f  the group) repres ent a sha l l ow ,  re i t erat i ve 
l earn i ng s t yl e .  
The I LP wa s  scored wi t h  s cor i ng t enpl a t es . Each I LP answer shee t 
was s cored twi ce , t o  i nsure t he accura cy of t he s cores . 
Procedures 
Part i c i pant s were sol i c i t ed fran genera l psycho l ogy cours es 
dur ing the f i rs t ha l f  of each academi c t erm (be fore t he genera l 
psychol ogy courses covered. the subj ect rna t t er taught in  t h i s  s tudy ) . 
Part i c ipants  who completer! the s tudy received ext ra credi t .  
Each s t udent began the s tudy by comp let i ng a pre t es t  packet . 
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Thi s inc luded s i gn i ng an informed consent shee t ( inc l uded in  Appendi x  
E )  and a GPA rel ease form, f i l l i ng out the I nventory o f  Learning 
Processes , and complet ing the pre t est . The part i c i pant s  were 
i ns t ruct ed to compl et e  the pre t e s t  packet the day before they were 
schedu l ed to run the computer  l essons . They were further ins t ruc t ed 
to  do the pre t es t  packet on campus and wi thout ass i s tance . Al l of the 
part i c i pan t s  agreed tha t  they had fol l owed these procedures . 
The s t udents  came to the comput er lab the day a f t er compl et i ng 
the pre t est  packet . Lab moni tors were in the lab to  con f i �n tha t  
student s had not previous l y  s t ud i ed the subj ec t ma t t er ,  t o  check the 
pretest  packe t ,  and to ass i s t wi th the C'AI l esson .  The s tuden t s  were 
randoml y ass i gned to the feerlhack groups ( the two schoo l s  were equa l l y 
represen t ej in each of the feedback groups ) .  Studen t s  runn i ng the 
l esson were seat ed so they cou l d  not see the canputer screens of other 
part i c i pant s .  Lab moni tors s ta r t ed the comput ers anrl answered 
ques t i ons about the use of the comput ers , but refuser! t o  ans-.ver 
ques t ions about the subj ec t  ma t t er .  Lesson beginn i ng and ending t irnes 
were recorded by the lab moni t ors . 
Af t er f ini shi ng the l esson each part i c i pant was gi ven the 
pos t t es t , whi ch was canpl e t ed imned i a t e l y  a f t er the l esson .  Each 
part i c i pant was a l so given a re t ent i on t es t  packet  whi ch harl a 
compl et i on dat e  ( two weeks f rom the dat e  the l esson was s t ud i erl ) 
wr i t t en on t he f ron t . The re t ent i on t es t  pa cke t conta i ned a pos t t es t  
and an ext ra cred i t fonn . An i ns t ru c t i on shee t s t a t ed t ha t  the 
ret ent i on t e s t  was t o  be conp l e t ed on campus and wi t hout a s s i s tance . 
Student s  were a l so askerl. t o  i nrl i c a t e  whe ther or no t they had s tud i ed 
t he subj e c t  ma t t er be tween t he l es son anrl. the ret ent i on t es t . I f  t he 
re t en t i on t es t  wa s  not ret urnee! wi t h i n  t hree weeks t hen s t uden t s  were 
ca l l ecl ancl remi nded to re t urn t he canpl e t erl ret ent i on t e s t  wi t h i n  t he 
next week ( the re t ent ion t e s t  i n t erva l wa s  thus two t o  four weeks ) .  
Ext ra credi t was a s s i gner! a f t er t he ret en t i on t e s t  wn. s  conp l e t erl and 
returnee! . 
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RESULTS 
The f i rs t  ana l ys i s  of the resu l t s  was done t o  i nve s t i ga t e  t he 
equ i va l ency of the feedback groups and l earn ing s t y l e groups on the 
pret es t ,  GP-\, anrl. l esson t ime . Then the ma in e f fe c t s  of both feedba ck 
and l earn i ng s ty l e  were exami ned . F i na l l y ,  t he i n t e rac t i ons between 
feedba ck and l ea rn i ng s ty l e were ana l yz ed .  A p= . 0 5 s i gn i f i cance l eve l 
was used for a l l ana l yses . 
The pre t es t  means of the s i x  feedback groups were conpared wi t h  
a n  ana l ys i s  of va r i ance (ANOV-\ ) . TI1e resu l t s  ( s ee Tab l e  1 for the 
4�-\ resu l t s  anrl. Tabl e 2 for t he group means and s t andard devi a t i ons ) 
shov,red t ha t  the f eedba ck groups d i d  not d i ffer s i gni f i cant l y  on the 
pre tes t (p= . 1 0 2 8 ) . An A1'r1VA wa s  a l so used to compare the feedback 
groups on GPA and l earn i ng s ty l e .  The resul t s  i nd i ca t ed that the 
feedback �roups d i d  no t rl. i f f er s i gni f i cant l y  on C�A (p= . 8 9 6 5 ) . The 
feedba ck groups a l so d i d  not d i f fer s i gn i f i can t l y  on l ea�1 i ng s ty l e  
(p= . 3 8 7 9 ) .  These resu l t s  sugges t ed tha t  the feedback groups were 
s t a t i s t i ca l l y equi va l ent i n  many ways . 
I n  add i t i on ,  there were no s i gni f i cant d i f f erences be tween the 
feedba ck groups on l es son t ime (p= . 6 9 8 1 ) .  Th i s  sugges t erl.  tha t , 
a l t hough the feedback types di f fered in  t he l ength of t he f eedback 
Thbl e 1 .  Anova Resu l t s .  
Source of Dependen t 
Va r i a t i on Var i a b l e  DF 
Feedback Group Lea rn i ng S t y l e  5 
Feedback Group Pre t es t  5 
Feedback Group Lesson Time 5 
Feedback Group GPA 5 
Feedback Group Les son Score 5 
Feedback Group Pos t t es t  5 
F eedback Group Ret ent i on Tes t  5 
Learn i ng S t y l e  Pre t es t 2 
Lea rn i ng S t y l e  Lesson Time 2 
Lea rn i ng S t y l e  GPA 2 
Lea rn i ng S t y l e  Lesson Score 2 
Lea rn i ng S t y l e  Pos t t es t  2 
Learn i ng S t y l e  Ret en t i on Tes t  2 
Sun o f  
Squa re F 
2 0 7 . 9 70 9 5 8 1 9  1 . 0 6  
6 1 . 1 60 1 92 3 8  1 . 89 
2 6 7 . 0 1 1 5 30 40 0 . 60 
0 . 8 2 6 2 9 8 9 3  0 . 3 3 
1 0 2 2 . 7 8 1 7 240 6 . 87 
2 2 3 6 . 9 1 5 2 7 9 3  9 . 7 6 
10 8 7 . 3 5 0 2 8 9 8  3 . 7 6 
0 . 9 1 8 8 6 50 8  0 . 0 7  
4 3 6 . 7 9 7 3 9 8 1 3  2 . 5 9 
0 . 8 7 8 4 7 8 5 1 7  0 . 89 
90 . 1 2 9 1 1 1 92 1 . 1 9 
2 2 . 7 5 6 8 3 9 7 2  0 . 1 7 
4 1 8 . 6 9 2 8 3 2 8 8  3 . 34 
p 
0 . 3 8 7 9  
0 . 10 2 8  
0 . 69 8 1  
0 . 89 6 5  
0 . 000 1 
0 . 000 1 
0 . 00 3 7  
0 . 93 5 3  
0 . 0 801  
0 . 4 1 4 3  
0 . 30 9 1  
0 . 84 1 9  
0 . 0 3 9 4  
0'> 
....... 
Tabl e  2. Means and Standard Dev i a t i ons of t he Dependent Measures for t he Feedback and 
Lea rn i ng S t y l e  Groups . 
GIUJP 
C(M)F 
PF 
CF 
KCR 
KR 
NF 
SR 
DE 
C(M) F / SR 
C(M) F /UE 
PF / SR 
PF / DE 
CF / SR 
CF / DE 
KCR/ SR 
KCR/DE 
KR/ SR 
KR/DE 
NF / SR 
NF / DE 
PRE'I}�ST 
MFAN 
7 . 83 
6 . 29 
6. 39 
6 . 7 6  
5. 28 
6. 6 1  
6. 47 
6. 67 
7. 83 
7. 57 
6 . 8  
5. 33 
6. 6 
5 . 83 
6. 56 
7 . 4  
4. 75  
6. 3 3  
5. 6 
7 . 3 3  
SD 
2. 64  
2. 1 4  
2. 81 
2. 22 
2. 85 
2. 48 
2. 4 
2. 6 7  
1. 47  
3 . 6 9  
1. 64  
1. 36 
2. 88 
3. 3 1  
2. 83 
. 89 
2. 5 
2. 3 1  
2. 5 1  
2. 88 
LESS(N . SCOlli 
MFAN 
1 5. 1 1  
1 5  
1 4 . 24 
1 7 . 28 
23. 39  
1 8. 24 
1 5 . 9 1  
1 8. 1 
23 . 67 
22 
1 9. 2 
1 8. 5 
1 1 . 4  
20 
1 3 . 44 
1 3 . 4 
1 2. 7 5 
1 6 . 67 
1 4 . 8 
1 5. 83 
SD 
6 . 1 4  
5. 46 
3 . 85 
11. 0 4  
5. 1 7  
5. 6 9  
5.  7 2  
6. 97  
3 . 88 
6 
5 . 4 
7 . 66 
3. 1 3  
5 . 7 3  
3 . 88 
3. 21 
3 . 6 9  
7 . 23 
4. 1 5  
9. 56  
fl03TlliST 
!\!WAN 
25 . 67 
21 
1 8. 1 6  
1 3. 1 2  
1 2. 3 9 
1 2. 1 7  
1 6 . 3 5  
1 7 . 5 5  
25. 1 7  
24. 29 
23 . 6  
20. 5 
1 5. 4  
20. 1 7 
1 3. 5 6  
9. 2 
9. 5 
1 5  
10  
1 2. 3 3  
SD 
5 . 0 5  
1 0 . 24 
8. 3 1  
5. 29 
5. 25 
5. 4 5  
8. 42 
8. 4 4  
4. 3 6  
5. 5 9  
8. 4 1  
1 1 . 83 
1 0 . 1 6  
1 . 9 4  
4. 48 
4. 0 9  
5. 26 
5 
5 . 24 
7 . 94 
RE'lliNTICN lliST 
l\tFAN 
22. 3 3  
1 9. 5 9  
1 6 . 28 
1 3. 4 1  
1 4 . 5 
1 2. 28 
1 3. 5 3  
1 8. 4 9  
1 9. 5 
21 . 57 
20 
1 9. 1 7  
9 
20. 67 
1 2. 44 
1 4 . 6 
9. 5 
1 5  
9 . 6 
1 7  
sn 
7 . 85 
6 . 6 
7 . 9 7  
5. 1 
8. 06 
8. 46  
7 . 87 
7 . 08 
1 0 . 82 
5 . 7 6  
5 . 24 
8. 3 5  
3. 0 8  
4. 46  
6. 58 
2. 9 7  
2. 89 
7. 94 
8. 0 5  
1 0 . 68 
Not e :  SO i s  t he s tandard dev i a t i on .  C(M ) F  i s  correc t ive mi s concep t i on feedback , PF i s  
proces s  f eedback , CF i s  correc t i ve feedba ck , KCR i s  knowl edge o f  correc t response , KR i s  
knowl edge of resu l t s ,  NF i s  no f eedback , SR i s  t he sha l l ow ,  re i t era t ive l ea rn i ng s t y l e ,  
a nd  DE i s  t he deep , e l aborat e  l ea rn i ng s ty l e .  en 1:-.j 
s t a t ement s ,  t he l ength of t i me to  comp l e t e  the l es sons d i d  not vary 
s i gn i f i can t l y .  
For the two l earning s t y l e groups , .��)VA, i nd i ca t ed tha t the 
pre t es t  means d i d  not di f f er s i gn i f i cant l y ( p= . 9 3 5 3 ) . The l ea rn i ng 
styl e groups were a l so compared to  de t e�ine i f  t hey d i f f ered on GP� . 
The AN�JVA showed t ha t  the groups d i d  not d i f f er s i gn i f i cant l y  on GPA 
(p=. 4 1 4 3 ) .  There wa s  a near s i gn i f i cant d i f ference ( p= . 0 8 0 1 )  be tween 
t he l earn i ng s t y l e groups on l esson t ime ( the mean l es s on t ime of t he 
deep , e l abora t i ve group wa s  hi gher than the mean l es s on t ime of the 
sha l l ow, re i t era t i ve group , a l t hough the d i f f erence was not 
s i gni f i cant ) .  
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The pos t t e s t  and re t ent i on t e s t  resul t s  were ana l yz ed wi th 
repea t ed mea sures mu l t i var i a t e  ana l ys i s  of va r i ance (MANJVA) . Les son 
t ime was used as a covar i a t e  i n  order to get a l e ss con t amina t ed 
1neasure of t he e f f ec t s  of t he i ndependent var i ao l es . The MANOVA 
resu l t s  are repor t ed i n  Tabl e 3 .  'Illkey ' s  s t uden t i z ed range (HSD) t e s t  
\�S used f or compa r i ng group means . 
For the f eedback rm i n  e f f ec t , the repea t ed measures \l� A 
(Wi l ks ' c r i t e r i on )  was h i gh l y  s i gn i f i cant (p= . O O O l ) .  Th i s  i nd i ca t ed 
tha t  there were d i f f erences ( cons i der i ng pre t e s t ,  pos t t es t , and 
ret ent i on t es t )  among the f eedba ck groups ( see F i gure 4 ) .  The 
pos t t es t  and re t ent i on t e s t  were then ana l yzect s epara t e l y .  1hi s  wa s  
done us i ng ga i n  s cores M1i ch were comput ed by sub t ract i ng pret est 
result s f rom pos t t e s t  resu l t s .  1here were s i gn i f i cant feedback 
Tabl e 3 .  WNJVA Resu l t s .  
Source of 
Var i a t i on DF 
Feedback Group 10, 1 96 
Lea rn i ng S t y l e 4, 202 
F 
4. 54 
1 .  7 5  
p 
0. 0 0 0 1 
0. 1 4 1 2  
No t e : These ana l yses i nc l uded l esson t ime a s  covar i a t es .  
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e f fect s on both the pos t t es t  ga i n  s cores (p= . O O O l )  and the re t ent i on 
t es t  ga i n  scores (p= . 00 3 7 ) .  
The 1\Jkey ' s  t es t s  (wi th a l pha = 0 . 0 5 )  were conduc t er:l. to exam i ne 
d i ff erences a�ng the feer:l.back groups . The Tukey ' s  t es t  for the 
pos t t es t  i nd i ca t ed tha t  corre c t ive (mi s concept i on )  f eedback and 
process feedback were s i gn i f i cant l y more e ffect ive t han no feedl� ck ,  
KR ,  and KCR. 1'1ere were no other s i gn i f i cant di f f erences . 
The same canpa r i sons were conduc t ed for the ret ent i on t es t  ga i n  
scores . The Tukey ' s  t es t  showed tha t  correct ive (mi s concept i on )  
f eedback resu l t ed i n  s i gni f i cant l y  h i gher ga i n  s cores than r:l. i d  no 
feedback or KCR. Process feedba ck resu l t ed i n  s i gni f i cant l y  hi gher 
re t e11t i on t es t  scores than d i d  no feedl� ck .  '111ere were no other 
s i gni f i cant feedback e f f ec t s  on the re t ent ion ga i n  s core . 
The feedlmck e f fect s on l es son s cores were a l so ana l yz ed .  ANOV� 
wa s  used to  ccmpare the group rneans . The resul t s  showect s i gn i f i cant 
e ff ec t s  ( p= . O O O l ) .  The TI1key ' s  t e s t  i nd i ca t ed t ha t  correc t ive 
(mi s concept i on )  f eedback wa s  s i gni f i can t l y more e f fect ive t han no 
f eectba ck , KR, KCR, and correct ive feedl� ck . There were no other 
s i gni f i can t feedback effec t s  on the l es son score . 
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The s econd dependent var i ab l e  ( l earn i ng s t yl e )  w·a s  subj ected t o  
t he same s t a t i s t i ca l  ana l yses  t ha t  were used wi th the f eedback rrn. i n 
e f f ec t . The repea t ed measures M<\l'DVA (wi th l es son t ime as a 
covar i a t e )  wa s  not s i gni f i cant ( p= . 1 4 1 2 ) .  When the pos t t es t  and 
ret ent i on t es t  resu l t s  were ana l yz ed s epara t e l y  ( us i ng ga i n  s cores ) ,  
the pos t t es t resu l t s  were no t s i gn i f i can t (p= . 84 1 9 ) , but the re t ent i on 
t e s t  resu l t s  were s i gn i f i cant ( p= . 0 3 94 ) .  On t he re t ent i on t es t ,  the 
mean score of the deep , e l abora t i ve group was s i gn i f i cant l y  hi gher 
than the mean s core of the sha l l ow, re i t erat i ve group ( see F i gure 5 ) .  
The l ea rn i ng s tyl e groups were a l so exrunined for di f f erences on 
the l es son s cores . The d i f ference be tween the mean l es son s cores was 
no t s i gn i f i can t ( p= . 1 0 2 9 ) . 
The f ina l  s e t  of s ta t i s t i c a l  ana l yses examined the i n t eract i ons 
be tween type of feedback and l earn i ng s tyl e .  Manova i nd i ca t ed tha t  
the i n t erac t i on be tween f eedback and l earn i ng s t y l e wa s  s i gn i f i cant 
( p= . O O O l )  for the l es son s cores , pos t t es t , and re t ent i on t es t . 
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Th e  compa r i sons for i n t erac t ions ( s ee Tab l e  4 ) resu l t ed i n  a 
number of s i gn i f i cant d i f ferences . For the deep , e l abora t ive l earn i ng 
s tyl e ,  correc t ive (mi s concep t i on ) feectback was s i gn i f i cant l y  more 
e f fec t i ve t han l es s  i nforma t i ve t ypes of feedback in 4 cases ( a  case 
meani ng a canpar i son wi t h  one t ype of l es s  info�t ive f eedback on one 
performance measure ) ,  and process f eedba ck was s i gn i f i cant l y  more 
e f fect i ve than l es s  i nforma t i ve t ypes of feedback i n  4 ca ses . For the 
sha l l ow, re i t era t ive l earn i ng s t y l e ,  correct ive (mi s concept i on)  
feedback wa s  s i gni f i cant l y  more e f f ec t i ve than l es s  i nforma t i ve types 
of feedba ck i n  11  cases , and process feedba ck was s i gn i f i cant l y  more 
e f fec t ive t han l es s  informa t i ve types of feectback in 7 cases . The 
only d i f f erence be tween l ea rn i ng s t y l e groups wi t h i n  a feedback type 
wa s  for correc t ive feedback on t he l es son scores and the re t en t ion 
t es t . _  The pos s ibl e i�)l i ca t i ons o f  these resu l t s  a re d i s cus s ed i n  t he 
next chapt er .  
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No t e : The compar i sons descr i be i n t erac t i ons be tween type of feedback and t ype of l ea rn i ng s t y l e  on 
t he t hree dependent measures : l esson score , pos t t es t ,  and re t en t i on t es t .  C (M)F i s  correc t i ve 
(mi sconcept ion ) feedback , PF i s  process feedback , CF i s  correc t ive feedback ,  KCR i s  knowl edge of 
correc t response , KR is knowl edge of resu l t s ,  NF is no feedba ck ,  SR i s  t he sha l l ow, rei t era t i ve 
l ea rn i ng s t yl e ,  and DE i s  t he deep , e l abora t e  l ea rn i ng s t y l e .  The co l um  l ab l ed "Group wi t h  the 
H i ghes t Mean " app l i es on l y  to cases where t he p va l ue exceeds t he . 05 cu t to f f  es tabl i shed for 
s i gni f i cance . 0) 
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TI1e resu l t s  of t he s t udy o f f er i mpor tant ev i dence regard i ng the 
t hree hypo theses . These hypotheses were : 
1 .  I nformat i ve f eedback bas ed on u subj ect rm t t er error ana l ys i s  i s  
more e f f ec t i ve t han other types o f  feedback . 
2 .  S t uden t s  who repor t us i ng deep , e laborat i ve l ea rn i ng s t ra t eg i es 
l earn and re t a i n  more than s t udent s �1o report us i ng sha l l ow, 
re i t erat i ve l ea rn i ng s t ra t egi es . 
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3 .  Studen t s  who use deep , e l abora t i ve l earn i ng s t ra t eg i es perform a t  a 
h i gher l ev e l  when given more i nformat i ve t ypes of f eedback , wh i l e  
s t uden t s  who use sha l l ow, re i t era t i ve l earn i ng s t ra t eg i es perform a t  a 
h i gher l evel  when given l es s  i nformat i ve types o f  f eedback that repea t 
the ma t er i a l  to  be l earned . 
The conc l us i ons c i t ed be l ow can onl y  be genera l i z ed to  genera l 
psycho l ogy s t udent s who part i c i pa t e  in  ext ra c red i t  proj ect s ,  and to  
the spec i f i c  sub j ec t  ma t t er t augh t hy the CAl l es sons used i n  the 
s t udy . 
1l1e s i x  feedback groups d i d  not d i f f er s i gn i f i can t l y  on the 
pre t es t , GPA, l ea rn i ng s ty l e ,  or l es son t ime . 1l1e two l earn i ng s t y l e  
groups d i d  no t d i f f er s i gni f i cant l y  on the pre t es t ,  GP� . or l esson 
t ime . 
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The feerl.back groups were s i gni f i cant l y d i f ferent on t he three 
O.ependent mea sures : t�e l es son , the pos t t e s t , ano the re t en t i on t es t . 
On a l l  t hree dependent measures , correct i ve (mi sconcept i on)  feeoha ck ,  
whi ch wa s  des i gned t o  f i t  the mo s t  cannon reasons for O.i f f i cu l ty wi t� 
the subj ect ma t t er ,  resul t ed i n  s i gn i f i cant l y  be t t er per formance t han 
no f eedback ano KCR. On the pos t t es t , correct ive (mi s concept i on )  
feedba ck was a l so s i gni f i cant l y  be t t er t han KR .  On the l esson ,  
correc t ive (mi sconcept i on )  f eedback wa s  s i gni f i cant l y  be t t er than no 
feerl.back ,  KR, KCR, and correct i ve f eedback .  These resu l t s  prov i de 
suppor t for bo tl1 the l ong- and short - t e�n e f f ec t i venes s  of correc t ive 
(rni sconcept i on )  feedback wi th t h i s subj ect rna t t er and wi t h i n  t he 
popu l a t i on parame t ers . The resu l t s  a l so part i a l l y con f i �ed the f i rs t  
hypothes i s ,  wh i ch proposed tha t  the mos t  e f fect i ve types of feedback 
wou ld be those tha t  were deve l oped f rom the sub j e c t  ma t t er error 
amd ys i s .  Correct i ve (mi s concept i on)  feedba ck was ba s ed on i dent i f i ed 
reasons for errors : mi sunders tand i ng about the mean i ng of the t e�s 
" pos i t i ve'' and "nega t ive , "  and confus i on abou t s imi l ar concept s  wi th 
s imi l a r  concept names . Corre c t ive (mi s concept i on )  f eedb::tck wa s  found 
t o  be more e f f ect i ve than l es s  i n fo�na t i ve types o f  feedback whi ch 
were no t bas ed on the error ana l ys i s .  
Process f eedback wa s  the second type of f eectback ctes i gnect to f i t  
the subj ect  ma t t er ann the i dent i f i ed reasons for errors . The process 
feedback des c r i bect produc t i ve probl �n s o l ving s t eps and to l d  the 
l ea rner where he or she presumabl y  went wrong i n  t he pro1) l em  s o l v i ng 
proce s s .  On the l es son , process feedback wa s  no t s i gn i f i can t l y  
d i ffe rent f ron any o f  the o ther t ypes of f eedback . However ,  on the 
pos t es t ,  proc e s s  feedbacl< was s i gni f i cant ly roore e f f e c t ive t han no 
feedback , KR ,  and KCR. On the ret ent i on t es t ,  proc e s s  f eedback was 
s i gn i f i cant l y  more e f fec t i ve than no feedback . Proce s s  feedback wa s  
t hus e f f ec t ive wi th t h i s  s ubj e c t  lWl t t er and popu l a t i on .  
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Thes e  resu l t s  suppor t ed the f i rs t  hypot hes i s :  correc t ive feedback 
des i gned to f i t  t he subj ect ma t t er was more e f f ec t i ve t han l es s  
i n fo�na t i ve types of feedback .  A subj e c t  ma t t er error ana l ys i s  l ead 
to t he crea t i on of two types of correc t i ve f e edbR. ck ( correct i ve 
[mi s concept i on ]  f eedback anri proces s  feedback ) , bo t h  of whi ch were 
shown to be more e ff ect i ve t han l e s s  i nformat i ve t ypes of f e edba ck .  
Compared t o  t he l es s  i nfo� t ive types o f  feedba ck , corre c t ive 
(mi s concept i on )  f eerilmck and proce s s  f eedhR.ck were more e f f ect i ve on 
l ong- R.nd shor t - term 1nea sures ( t here were no s i gn i f i cR.nt d i f f erences 
be tween correc t i ve [mi sconcept i on ]  feeriba ck and process f e edback ) . On 
one o f  t he shor t t erm measures ( l e s s on s core ) , corre c t i ve 
(mi s concept i on )  f eedba ck was mo re e f fect i ve t han a form of correc t i ve 
feedback t ha t  was not bas ed on t he resu l t s  of the s ub j ec t  ma t t er error 
ana l ys i s .  There were no s i gn i f i cant d i f f erences be tween t he l es s  
i n fo � t i ve types of feedback and t he form of correc t ive f eedback t ha t  
was not bas ed on t he subj ect ma t t er error ana l ys i s .  
I n  thi s s t udy , t he sub j ec t  ma t t er error ana l ys i s  produced t�e two 
types of f e edlmck t ha t  were c l ea r l y  t he most e f f ec t i ve t ypes of 
feedback s tudi ed . Thi s o f f er s  evi dence for t he va l ue of t he subj e c t  
ma t t er error ana l ys i s ,  ano t he e f f ect i veness o f  we l l  des i gned 
inforrm t ive feeoback in concept t each i ng G\I wi thi n thi s popu l a t i on .  
The s econd hypothes i s ,  rega rd i ng l earn i ng s t y l e ,  was part i a l l y  
suppor t ed by the resu l t s  o f  thi s s tudy . Whi l e  the l ea rn i ng s t yl e 
groups were not s i gni f i cant l y o i  f ferent on GPA, l es son t ime , pret e s t , 
l esson score , and pos t t es t , they were s i gni f i cant l y  d i f f erent on the 
re t ent i on t es t . The s tuden t s  who report ed us i ng oeep , e l aborat ive 
l earn i ng s t ra t egi es dio not perform be t t er on imned i a t e  rneasures 
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( 1  es son s core and pos t t es t ) ,  bu t o i d  re ta in more o f  wha t t hey l earned . 
Thi s  i s  cons i s t en t  wi th the theor i es on l earning s t y l e (Cra i k  & 
Lockha r t , 1 9 7 2 ; Cra ik & TU l v i ng ,  1 9 7 5 ; Schneck ,  1 9 8 3 ) , and wi th many 
current theor i es of memory (Lo f t us & Lof t us ,  1 9 7 6 ; Nei s ser , 1 9 7 6 ; 
S iTIDn , 1 9 8 1 ) .  Long t erm memory i s  theori z erl  to be bes t  when a l ea rner 
engages i n  a s soc i a t ions and e l abora t i ons . Cra ik and J�ckhar t  ( 1 9 7 2 ) 
s t a t ed tha t  "deeper ana l ys i s  l eads to  a more pers i s t ent [memory] 
t race" (p . 6 7 7 ) .  Thi s  was c l ea r l y  derrons t ra t eri in t he current s t udy . 
Canpared to  s tuden t s  who repor t ed us i ng rot e ,  repet i t i ve l ea rn i ng 
s t ra t egi e s , s tuden t s  who repor t ed making cor�1ec t ions and e l abora t i ons 
perf ormed h i gher on a ret ent i on t es t , even though measures of 
immed i a t e  l earn i ng showeo no s i gn i f i cant oi ff erence . 
The t h i rd hypothes i s  i nvo l ved pos s i b l e  i n t e ra c t i ons be tween type 
of feedback and type of l earn i ng s t y l e .  These i n t e ra c t ions were 
s ta t i s t i ca l l y s i gni f i cant ( a t  t he p=0 . 0 0 0 1  l eve l ) for t he l es son 
scores , the pos t t es t , and the re t en t i on t e s t . The i n t era c t i on 
canpar i sons were more cons i s t en t l y  s i gni f i cant for t he sha l l ow, 
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re i t erat i ve l earners than for t he deep , e labora t i ve l earners ( there 
were s i gn i f i cant ti i f f erences for both l earn i ng s t yl e groups , but there 
were many 111ore s i gni f i cant d i f f erences for t he sha l l ow, rei t erat i ve 
l earners ) .  The s t uden t s  who report ed us i ng sha l l ow ,  re i t era t ive 
l earn i ng s t ra t egi es sean�1 t o  bene f i t more cons i s t en t l y  from types o f  
feedback des i gned to address cmmon errors i n  the subj ec t  rm t t er . 
CArnpared to  the sha l l ow ,  re i t erat i ve l earners , the deep , e l abora t ive 
l earners rrore o f t en d i d  as we l l  (on the re t en t i on t es t )  wi th the l es s  
i nforma t i ve t ypes of feedback . 
The two l earning s t y l e  groups perfo�ned a t  s i gn i f i cant l y  
d i fferent l eve l s  on onl y  one o f  the s i x  types o f  feedba ck .  :::n t he 
immed i a t e  measures ( the l es son scores and the pos t t es t ) ,  the deep , 
e l abora t i ve group t ha t  rece ived correct i ve feedba ck perfo�ec:l 
s i gn i f i cant l y  hi gher than t l-te sha l l ow, re i tera t i ve group t ha t  rec e i ved 
correct i ve feedback . I n  add i t i on ,  f or sha l l ow ,  re i t erat i ve l earners 
(but no t for deep , e l abora t i ve l earners ) correct ive f eedback was 
s i gni f i cant l y l es s  e f fect i ve than correct ive (mi sconcept i on )  feec:lback 
and process feedback . The correc t i ve f eedback , whi ch was no t rle s i gned 
to f i t  t he i dent i f i ed subj ect  ma t t er errors , s imp l y  repea t ed and 
app l i ed the concep t de f in i t i ons . Thi s  type of correc t i on was he l pful  
for deep , e l abora t i ve l earners , but was no t very he l pful f or sha l l ow ,  
re i t era t i ve l earners . The deep , e l abora t ive l earners made be t t er \1Se 
of t he i nforma t i on in the correct i ve feedhack . These l ea rners rmy 
have used the repea t ed de f i ni t i ons to  crea t e  the i r  own assoc i a t i ons 
and connect i ons ( further research cou l d  i nve s t i ga t e  t h i s  in the manner 
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descr ibed be l ow) . The sha l l ow ,  re i t e ra t i ve l ea rners more cons i s t ent l y  
requ i r ed the spe c i a l l y  des i gned t ypes o f  feedba ck . 
The ques t i on rerm i ns as t o  how t he two l ea rn i ng s t y l e  groups 
a c t ua l l y  used the f eedback s t a t anen t s . The corre c t i ve (mi s concep t i on )  
f eedba ck and process feedba ck rrn.y have enab l ed sha l l ow ,  r e i t e ra t i ve 
l earne rs t o  proces s  t he ma t er i a l  a t  a deeper l ev e l . An a l t erna t i ve 
hypothes i s  i s  tha t correc t i ve (1ni s concep t i on )  f e edba ck a nd p rocess 
f eedback prov i d ed a sys t e:na t i.e approach for l ea rn i ng t he r"ll t er i a l  i n  a 
sha l l ow ,  ro t e  f a sh i on .  Add i t i ona l research shou l d  focus on t he manner 
in wh i ch l ea rners report us i ng f eedback s t a t emen t s .  Thi s cou l d  be 
done by adm i n i s t e r i ng the ILP a f t e r ,  and in r e f erence t o ,  t he l earn i ng 
t a sk ,  and by i n t ervi ewing l ea rners ( obta i n i ng t h i nk a l oud protoco l s )  
abou t t he p roce s s es t hey use t o  l ea rn  f ran t he f e edba ck . 
Whi l e  t he resul t s  of t hi s s t udy o f fer suppor t for t he f i r s t  two 
hypo t heses , a good dea l  o f  add i t i ona l research i s  needed . ReseA.rch 
on f eedback i n  0\I i s  accumu l a t ing . However , rrore o f  thi s resea rch 
shou l d  invo l ve sys t ema t i c  procedures for deve l op i ng t he f eedback t o  
f i t  t he sub j ec t  rm t t er and i den t i f i ed rea sons for e rrors . Sub j ec t  
ma t t er e r ror ana l ys i s  procedures rrn.y prov i de a n  e f f e c t i ve way o f  
deve l op i ng correc t i ve f eedba ck t ha t  improves l earn i ng . Ext ens i ve 
research i s  needed t o  exwn i ne t he bene f i t s of t he subj e c t  ma t t er e rror 
ana l ys i s  procedures . 
Re s ea rch on ot her componen t s  of 0\I i ns t ruc t i on mi gh t  a l so 
bene f i t  f rom subj ect ma t t er e rror ana l ys i s  procedures . For examp l e ,  
t he error ana l ys i s  cou l d  pos s i b l y  be u s ed to i mprove advance 
organ i z e r s , pac i ng of examp l es , or i n i t i a l  i n s t ruc t i on .  
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At t he l eas t ,  t he subj ect ma t t er error ana l ys i s  o f f ers a way o f  
descr i b i ng the sub j ec t  ma t t er i n  de t a i l ,  s o  t ha t  cumu l a t i ve revi ews o f  
researcl-) wi l l  b e  abl e  to i nves t i gat e  pa t t erns of i n t erac t i on between 
subj e c t  ma t t er var i ab l es and i ns t ruc t iona l component s ,  such as 
feedback . I f  t h i s i s  done , i t  may be pos s ib l e  t o  spe c i fy t ypes o f  
f eedback wh i ch are , i n  genera l ,  mos t e f f e c t ive f o r  cert a i n  types o f  
subj e c t  ma t t er areas . However , much research i s  requ i red before any 
such re l a t i onsh i ps can be spec i f i ed .  
Add i t i ona l research i s  a l so needed to va l i da t e  the I LP .  Effor t s  
shoul d  be addres s ed a t  i nves t i ga t i ng t he re l a t i onsh i ps be tween 
l earn i ng s ty l e  and genera l i n t e l l i gence , and be tween l earn i ng s t y l e s  
and spec i f i c  t ypes of int e l l i gence ( verha l versus v i sua l i n t e l l i gence , 
s imul t an t eous versus s equent i a l  proce s s i ng ,  e t c . ) .  A t  thi s po i n t  onl y  
one s t udy ( c i t ed i n  Schmeck , 1 9 8 3 )  has addre s s ed t he i ssue o f  the 
re l a t i on sh i ps between l earn i ng s t yl e and int e l l i gence . 
Research on t he I LP shou l d  address t he va l ue o f  t he d i f ferent 
s cor i ng sys t e:ns . One scor i ng sys t em produces two scores has ed on l es s  
t han ha l f  o f  t he t es t  i t e:ns , and t he other s cor i ng s ys t en produce s  
four scores t ha t  n y be somewha t i n t erre l a t ed .  The re l i abi l i ty and 
va l i d i t y  of these two scor i ng sys t ems shoul d  be i nve s t i ga t ed  further . 
I f  l ea rn i ng s ty l es are de t ermined to be u s e f u l  concept s  
i ndependent o f  i n t e l l i gence , the i dea o f  mat ch i ng i ns t ru c t i on t o  
l earn i ng s t yl e  wi l l  deserve fur t her at t ent ion .  Previ ous r e s ea rch 
(Pask, 1 9 7 6b)  has suggest e<1 tha t  s tudents  rmy l earn t he 1110s t  when 
ins t ruc t i on i s  'm t chect to l earning s ty l e .  I n  the current s tudy t here 
ct id not se�n to be a cons i s t ent re l a t i onship support i ng the i dea of 
ma t chect ins t ruc t ion . 
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�1ore research is  neected to cte t e�nine the ext ent of bene f i t  from 
i ns t ruct i on t ha t  i s  mat cheti to a s tuctent s '  l earning s ty l e .  I f  ma t ched 
ins t ruc t i on can be shown to be cons i s t ent ly  ef fect i ve , then comput ers 
may provide powerful ins t ruct i ona l devi ces for i ctent i fying l earning 
s ty les  and adapt ing ins t ruct ion to l earn i ng styl es . A l earn i ng s t y l e 
invent ory cou l d  be admi n i s t ered and score<1 imned i a t e l y  before a 
s tudent runs a G\I l esson . The l esson could inc l ude dec i s i on rul es 
that  mod i fy instruct i onal canponent s ( such as feedback) h1sed on 
ident i f i ed l earn i ng s ty l es . The idea tlm t  G\I can adapt to l earn i ng 
s ty l e  may have pot ent i a l , but much prel iminary research i s  needed . 
-\nother poss ibl i ty i s  the use of conput er programs to  he lp  
students  unders tand the i r  l earning styl es . By prov i ding feedback and 
spec i a l  ins t ruc t ion i t  a l so may be poss ib le  to he l p  l earners devel op 
1nore versa t i l e  and ITIOre e ffect i ve l earning styl es . Bnsed on the 
resul t s  of thi s study , further research and i ns t ruc t iona l e f fort s are 
warrant ed .  
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APPENDI X A 
THE I NTIDXJCITRY FRAl'vffiS 1-TR 'TI-IE G\ I  LESSeN 
The f o l l 01ving informa t i on appeared as the int roduc t ory f rames of 
t he C�I l es son .  These frames fol l owed the l earners response to two 
ques t i ons , one ask i ng f or a code number and the other asking for 
the i r  name . 
He l l o ,  [ name ] ! 
Thi s program can he l p  you l earn about bas i c  concep t s  
f rom t he f i e l d  of t h e  psycho logy of l earn i ng . 
Thi s program rmy be abl e  to  he l p  you l earn t hese 
concept s ,  and may be ab l e  t o  inf l uence your t es t  s cores in  
c l a s s . 
(�ext frame . )  
Af t er conpl et ing thi s program you shou l d  be abl e  t o :  
* IDENTI FY AND PID:JJCE TIIE DEF I NI TICNS OF : 
PJS I T I VE RE I NFG�CE\fr-:.:"JT, 
NFDATI VE RE I Nl:'\�{CE\1ENT, 
lDS I T I VE  PUNI SH\ffiNT , 
Nfl11\TIVE PUNI SI-f\fu'NT , 
RESPO:-l"SE COST, 
T I ME  ClJf, A"t\l1) 
EXTI NCfi<.:N. 
* IDENTI FY AND PRJ)JCE EXI\\lPLES 0F : 
IDS I T I VE R.E I �ffiNT, 
Nffii\TI VE RE I  NFOll::'\ l}Nf, 
POS I T I VE PlJNI Sl l\ffiNT , 
NEDATIVE PUNI SH\fu'NT, 
RESPCNSE Q)ST, 
T I �1E cur, A"JD 
EXTINCflCN 
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APPENDIX B 
EX.-\\fPLES OF 'IHE J<�EilB<\.CX 'IYPES 
The fol l owi ng ques t i on was i nc l uded in the G\I l esson .  The ques t i on 
i s  an a t  t e·npt to de t ermine i f  l earners are us i ng the concept 
correc t l y .  I f  a l earner th inks the t erm "pos i t ive" means pl easant 
then tha t  l earner may be more l ike l y  to chose answer C (whi ch i s  wha t 
happened dur i ng the pi lot  s tudy ) . 
Whi ch of the fol l owing in an examp l e  of POS I TIVE 
RE I NFCRCE\1ENT? 
A) . Ronn i e  used to ge t i n  t roub l e  for p i cking on hi s :3rd 
grade c l ass•m t es .  H i s  t eacher s topped a t t endi ng to  him 
�1en ed pi cked on kids . Now Ronni e  pi cks on hi s c l assma t es 
l ess . 
B) . Ronn i e  nsed to ge t i n  t roub l e  for pi cking on h i s  3rd 
grade c l assrm t es .  H is  t eacher t r i ed to s t op him by ye l l ing 
and scolding when he pi cked on kids . Now ronn i e  pi cks on 
h i s  c l a ssmat es even more . 
C) . Ronn i e  used to ge t in t roub l e  for p i cking on hi s 3rd 
grade c l assmat e .  H is  t eacher t r i ed to s t op him by be ing 
ni ce to him. Nrnv Ronni e  p i cks on hi s c lassma t es even more . 
When a l earner incorrec t ly chose "C" he or she rece ived one of the 
fol l owing feedback messages : 
Correct ive (mi sconcept i on) feedhacl< : 
I ncorrec t .  The correct  exampl e  of P8S I T I VE  R.E INFCECEMENT 
i s  [ a l t ernat ive B i s  pr int ed here ] . 
PO.S I TI VE  means the s t  iml ui  ( scold ing) are PRES£N1ET1; 
RE INR��� means an INCREASE in the behavi or (p i cking on 
kids ) .  
Process feedhack :  
I ncorrec t .  To correct l y  answer ques t ions l ike these : 
*Fi rs t  i dent i fy the behavi or in ques t i on ;  
*Next , l ook a t  the d i rec t ion o f  the change in  the ra t e  of 
the behavi or ;  
*TI1en look a t  the s t imul i (and any change in the s t imul i )  
fo l l rnving the behavi or .  
IDS I TIVE RE I NfU�CEME.NT i nvol ves an INCREASE i n  the rat e  of 
the behavi or when the behavi or i s  fol l ovved by the 
PRESEN1)\Tl0\l" of a s t imu lus . 
The examp l e  you chose for POS I TIVE RE I�8'\1f<Nf was 
incorrec t because i t  d i d  no t invol ve an I NCRE�SE in t he 
ra t e  o f  t he behavi or .  TI1e exampl e you chose correc t ly 
invo l ved the presen t a t i on of s t imu l i fo l l owing the 
behav i or .  
Correc t i ve f eedback : 
I ncorrec t .  The correc t  exampl e  of FDS I TIVE RE I�\ffiNT i s  
( a l t e rna t i ve B i s  pr i n t ed here ] . 
K>S I TIVE RE I NF'<ECE\1Et.ff i nvol ves the PRESEN'D\Tl(N o f  s t imul i 
( scol d i ng)  resu l t i ng in  an I NCRE�SE in t he ra t e  o f  the 
behavior (pi cki ng on k i ds ) . 
Knowl edge of correc t response (KCR) : 
I ncorre c t . The correc t exampl e  of FDS I TI VE  HE I�vlENT 
i s  ( a l t ernat ive B i s  pr i n t ed here ] . 
Knowl edge of resu l t s  (KR) : 
I ncorrec t .  
No f eedback : 
(No message . )  
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lliE 'lliST 
9 0  
Dt\'IE 
-----
Shor t .;nswer Tes t  CXl Compu t er Les son ('.,Qncept s 
1 .  Wr i t e  down an exmnpl e of POS I TIVE H.E I Nf'CreR\ffiNT. 
2 .  Wr i t e  down an exa:np l e  of NEGt\TIVE RE I NFORG�. 
3 .  Wr i t e down an examp l e  of P0S I TIVE PUNI SH-'IF'liT. 
4 .  Wr i t e down an examp l e  of NEGA..TIVE PUNI ST-ME.'NT. 
9 1  
5 • Wr i t e down an examp l e of  H.ESPCNSE CDST. 
6 .  Wri te down an examp l e  of TI�vffi cur. 
7 .  Wri t e  dovm an exa11pl e  of ext i nc t i on .  
8 .  Wri t e down a de f ini t ion for POS I TI VE  RE INR�\ffiNT. 
9 .  Wr i t e  down a def in i t i on for NtD-\TIVE RE I NFOHCE\lliNT. 
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10 . Wr i t e  down a def i n i t i on f o r  P06 I TIVE PUNI S�.�Jfr. 
1 1 .  Wr i t e down a de f ini t i on for NEG-\TIVE PUNI SI-l'\ffiNT. 
1 2 .  Wr i t e  down a de f i ni t i on for RESPONSE COST. 
1 3 . Wr i t e down a de f ini t i on for TI\1E OJT. 
1 4 .  Wr i t e  dovm a de f i ni t i on for FXfiNCTICN. 
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\fu l t i p l e Cho i ce Tes t  On Compu t er Lesson Concept s 
1 .  Read the examp l e  �no p i ck t he concept tha t  app l i es be s t . 
Rob the rat l i ven i n  an exper i men t er ' s  cage . TI1ere was a l ever i n  
the cage and Rob o f t en pre s s ed i t .  On e  day a l oud no i s e s t a r t en .  
When Hob pushoo t he l ever t he no i s e s topped for a mi nu t e  ann t hen 
came on aga i n .  Th i s kep t up for a wh i l e  and t hen Rob s t opped push i ng 
t he l ever .  Wh i ch concept bes t f i t s  t he change i n  Rob ' s  behav i or? 
A.  Pos i t i ve r e i n forcement 
B. Ne�a t i ve re i nf orcemen t 
C .  Pos i t i ve pun i shmen t  
D .  Negat i ve ptm i shment 
E .  Ext i n c t i on 
(Ci r c l e  A ,  B ,  C, D ,  E ,  F ,  or G . ) 
2 .  Read t he examp l e  and p i ck t he concept tha t app l i es bes t . 
Tim used t o  p i nch a l l 
scream and s l ap Tim .  
when h e  p i nched them . 
o f t en .  Wh i ch concept 
the g i r l s  at s choo l and \�en he d i n  they wou l d  
Then the g i r l s s t art ed i gnor i n� Tim conpl e t e l y  
a f t er tha t  he s t a r t ed p i nchi ng them l e s s  
bes t f i t s  t he change i n  Ti m ' s  behavi or? 
A. Pos i t i ve r e i n forcenent 
B.  Nega t i ve re i nf orcement 
C .  Pos i t i ve p1m i s hnen t 
D .  Nega t i ve puni shmen t 
E .  Response cos t 
F .  Time ou t 
G .  Ext i n c t i on 
3 .  Rean the examp l e  ann p i ck the concept t ha t  app l i e s  be s t .  
A young 
rrn.de t o  
t ea cher 
Af t er a 
o f t en .  
ch i l d  has j us t  ent e red k i nderga r t e'1 .  Scme t i mes when he i s  
p l ay wi th t he 1 i t t l e  g i r l s he p l ays aggre s s i ve l y .  The 
ha s s t a r t ed tak i ng the g i r l s  away when he p l ays aggre s s i ve l y .  
f ew days he p l ays aggre s s i ve l y  wi t h  t he l i t t l e  gi r l s  �re 
�1 i ch concept bes t f i t s t he change i n  the Young c h i l d ' s  
behavi or? 
A .  Pos i t i ve r e i n forcement 
B. Nega t i ve re infor cement 
c .  Pos i t i ve puni shment 
D .  Nega t i ve pun i shment 
E .  Response cos t 
F .  Time ou t 
G .  Ext i nc t i on 
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4 .  Read t he examp l e  and p i ck t he concept t ha t  app l i es bes t . 
Ru fus p l ays on a we l l  known hockey t eam tha t  used to p l a y  very 
rough l y .  Then t he l eague c ra cked dovvn on v i o l ence and i ns t i t u t ed a 
pena l t y ( 5  minu t es i n  t he pena l t y  box , where t hey wa i t  un t i 1 they can 
p l ay aga i n )  for any act of v i o l ence . Rufus p l ayed l es s  rough l y  a f t e r  
a f t er the pena l t y wa s  i ns t i tut ed .  Whi ch concep t bes t f i t s  the change 
in Ru fus ' s  behavi or? 
A. Pos i t i ve re i n forc6nent 
B. Nega t i ve re i n f orcement 
C .  Pos i t i ve pun i shmen t 
D .  Respon s e  cos t 
E .  Time ou t 
F .  Ext i nc t i on 
5 .  Read the exili�p l e  and p i ck t he concept tha t  app l i e s be s t . 
One day Cl yde ( a  two year o l d )  s t art ed say i ng bad words . Everyt i me 
he sa i d  R bad vrord hi s dad s pankect h i m .  The rmre t h i s happenect the 
more C l yde us ed bad words and t he l e s s  he cared about i t .  Wh i ch 
concep t be s t  f i t s the change i n  Cl yde ' s  behavior ( us i ng bact '�rds ) ?  
1\ .  Pos i t i ve re inforcement 
B .  Nega t i ve re i nforcement 
c .  Po s i t i ve pun i shmen t 
D.  Nega t ive pun i s�rnent 
E .  Response cos t 
F .  Time out 
G.  Ext i nc t  i on 
6 .  Read the ex��p l e  anct p i ck t he concept tha t  app l i e s be s t . 
Brandon 
s ty l e .  
s t art ed 
beggar .  
concept 
boug�t a n i ce ha t t ha t  wa s supposed t o  be in t he newes t  
Every t i rne  he wore i t  on the wa y  t o  work peopl e  on t he s t ree t 
g i v i ng him quart e rs f or co f f ee , t h i nk i ng Brandon was a 
The rmre thi s happenect t he l es s  he wore h i s  new ha t .  Whc i h  
bes t f i t s t he change i n  Brannon ' s  behavi or? 
A. Pos i t i ve re i nforcenent 
B. Nega t i ve re i n f orcement 
C .  Pos i t i ve pun i shmen t 
D .  Nega t i ve pun i shment 
E .  Response cos t 
F .  Time out 
G .  Ext i n c t  i on 
7 .  Read t he examp l e and p i ck t he concept t ha t  app l i es bes t . 
When boys en t er Boy Scout t roup fi4 t hey are g i ven an " ind i an s t i ck "  
hol d ing 10 ea g l e f ea thers . Zack en t ered the t roup bu t o f t en 
d i s obeyed ins t ruc t i ons . Then t he l eader s t a r t ed t ak i ng ea g l e 
f ea t hers f rom h i s  i nd i an s t i ck ea ch t ime he d i sobeyed i ns t ruc t i ons . 
Be fore l ong Zack d i sobeyed 1m1eh l es s  o f t en .  Wh i ch concept bes t  f i t s 
the change i n  Za ck ' s  behavi or ( d i sobey i ng) ? 
A .  Pos i t i ve re i n forcement 
B. Nega t i ve r e i nf orcemen t 
C .  Pos i t i ve pun i s��nt 
D. Respon s e  cos t 
E .  Time out 
F .  Ext i nc t i on 
8 .  Read the examp l e  and p i ck t he concept tha t a pp l i e s bes t . 
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Pau l go t a new k i t t en .  He put t he k i t t en i n  t he k i t chen t o  s l eep , 
but one n i g� t  the l(i t t en s t a r t ed c ry i ng l oud l y  i n  t he mi dd l e  of the 
n i ght . F i na l l y  Pau l  go t out of bed and l e t t he ca t i n  the bedrocm . 
Gradua l l y Pau l s t a r t ed l e t t i ng t he ca t i n  a s  soon a s  i t  began c ry i n g ,  
and every t ime i t  began cry i ng .  \\�1 i ch concept bes t f i t s t he change i n  
Pau l ' s  behavi or? 
A .  Pos i t i ve re i n forcemen t 
B. Nega t i ve r e i nf orcemen t 
C .  Pos i t i ve puni sh�nt 
D. Nega t i ve pun i shment 
E .  Re sponse cos t 
F .  Time out 
r] . Ex t i nc t i on 
9 .  Read the exa�p l e  and p i ck the concep t t �a t  app l i e s  be s t . 
Ken11y i s  a co l l ege s t uden t  who t ypes a l l of h i s  papers on h i s  dad ' s  
o l cl  e l ec t r i c  typewr i t er .  The t ypewr i t e r  i s  k i nrJ. o f  wi e rd . Whenever 
Kenny h i t s  t he backspace key the t ypewr i t er qu i t s  work i ng for a 
whi l e .  As he used the t ypewr i t er he qradua l l y usecl t he backspace key 
l es s . Wh i ch concept bes t f i t s t he chang-e i n  Kenny ' s  behavi or? 
A. Pos i t i ve re i n forc�nen t 
B. Nega t i ve r e i n f orcement 
C .  Pos i t i ve puni shment 
D. Response cos t 
E .  Time out 
F .  Ext i nc t i on 
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1 0 . Read t he exampl e and p i ck t h e  concept that app l i es bes t . 
The s t eer i ng whee l  i n  Greg ' s  car wobb l es bad l y .  Las t  week he no t i ced 
t ha t  i f  he drove very fas t ( fas t er than usua l )  the wobbl e was no 
l onger no t i ceabl e .  S i nce then Greg has spent ITDre t ime dr i v i ng very 
fas t . Wh i ch concept bes t  f i t s the change in Greg ' s  behavi or? 
A. Pos i t ive 
B. Nega t ive 
C. Pos i t i ve 
n. 
E .  
Nega t i ve 
Response 
F. Time out 
re i nforcement 
re inforcemen t 
pun i s hrnen t 
pun i shment 
cos t 
G. Ext in c t  i on 
1 1 . Read the examp l e  and p i ck the concept tha t  app l i es bes t . 
Ranger Di ck spent much t ime wa t ch i ng the l oca l deer . He not i cecl t ha t  
the deer came to  the meadow to  ea t '¥i l d f l owers every morn i ng .  I n  
June , when the wi l d f l owers s topped b l oaning , t he deer began cani ng t o  
the meadow much l ess of t en .  Whi ch concept be s t  f i t s the change i n  
the behavi or o f  the deer? 
-\ .  Pos i t i ve re i n forcement 
B. Nega t ive re inforcemen t 
c .  Pos i t i ve puni shment 
D .  Nega t i ve pun i shmen t 
E .  Response cos t 
F .  Time out 
G .  Ext inc t i on 
1 2 .  Read the exa�p l e  and p i ck the concept tha t  app l i es bes t . 
Gina i s  a f r(�shman tak ing her f i rs t  c l a s ses . Whenever she sat near 
Frank he to l d  her she was cu t e .  Soon she s t opped s i t t ing near Frank . 
�1 i ch concept bes t  appl i es to  t he change in Gina ' s  behavi or? 
A. Pos i t i ve re i nforc8'11ent 
B. Negat i ve re inforcement 
c .  Pos i t ive puni shment 
D .  Nega t i ve pun i shmen t 
E .  Response cos t 
F .  Time out 
G .  Ext inc t i on 
1 3 .  React t he exampl e and p i ck t he concept tha t  app l i es bes t . 
I n  Pa t ' s  back yard i s  a ho l l ow t ree �1 i ch i s  the home of a hard 
work i ng squ i rre l . The squ i rre l s t ored up a l ot of nut s .  �Jt t hen 
�enever he went n re than 2 0  yards fran the t ree a crow f 1  ew i n  and 
s t o l e a nut .  Soon t he squi rre l spent l ess t ime go i ng more t han 20 
yards frorn hi s t ree . Whi ch concept bes t f i t s the change in the 
behavi or o f  the squ i rre l ?  
A .  Pos i t ive re i nforcement 
B. Nega t i ve re inforcement 
C .  Pos i t i ve ptm i shment 
D.  Response cos t 
E .  Time out 
F .  Ext i nc t i on 
14 . Read the exrunpl e  and p i ck the concept tha t  app l i es bes t . 
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Everyt ime RR l ph burps h i s  g i r l f r i en<i l e ft  the rocrn . The more t h i s 
happened the l ess Ra l ph burps . Wh i ch concept bes t  f i t s  the change i n  
Ra l ph ' s  behavi or? 
A .  Pos i t ive re i nforcenent 
B. Nega t ive re i nfor cement 
C .  Pos i t i ve ptmi shment 
D. Nega t ive pun i shment 
E .  Ext i nc t i on 
1 5 . Read the exa� l e  and p i ck t he concept tha t app l i es bes t . 
Be t h  was runn i ng a ccrnput er i z e<i l es son for one of her c l asses . 1\t 
f i r s t  she occas i ona l l y made an error . Af t er an error the compu t er 
repea t ed l y  f l a shed the word " I ncorrect '' in d i f ferent co l ors . The 
more thi s happened the more o f t en Beth lffide errors . Whi ch concept 
bes t f i t s  t he chan�e in Be t h ' s  behavi or (mak i ng errors ) ?  
A .  Pos i t ive 
B. Nega t i ve 
C .  Pos i t ive 
D. 
E .  
Nega t i ve 
Response 
F .  Time out 
re i n forcemen t 
re inforcemen t 
pun i shment 
p1m i shmen t 
cos t 
G .  Ext inc t i on 
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1 6 . React t he examp l e  and p i ck t he concept t ha t  app l i es bes t . 
Ronni e went t o  t he fa i r  anct pa i ct  2 5  cen t s  t o  p l a y  a game . He won and 
pa i d  t o  p l ay aga i n .  He kept wi nn i ng , and kept pay i ng t o  p l ay aga i n .  
Then he s t opped winn i ng ( each t ime he pa i d  t o  p l a y  he fa i l ed t o  w in ) . 
Soon he s t opped pay i ng t o  p l ay t he ga'Tie . Wh i ch concept be s t  f i t s t he 
change i n  Ronn i e ' s  behavior ( s t opp i ng p l ay i ng ) ?  
A .  Pos i t i ve r e i n f orcement 
B. Nega t i ve re i n forcement 
c .  Pos i t i ve pw1 i shnen t 
D .  Nega t i ve pun i shment 
E .  Respon s e  cos t 
F .  Time out 
G. Ext i nc t i on 
17 . �ad the exa'Tip l e  anct p i ck t he concept t ha t  app l i es be s t . 
Mrs . Cooper ' s  t h i rd grade c l a s s  en j oys t he mov i es t hey s ee dur i ng t he 
soc i a l  s t ud i e s  c l a s s , bu t t he ch i l dren usua l l y  ge t t oo l oud . Then 
Mrs . ('_.,ooper s t ar t ect scme t h i ng new . When a ch i l d  got t oo  l ouct he or 
she was Tm.de to take hi s or her cha i r  to the rear anct face t he wa l l  
(away fran t he rmv i e  screen ) . Th i s  qu i ck l y  rectuce<i t he amount o f  
no i s e t he ch i l dren n ke ctur i ng rmvi es . Whi ch concept be s t  f i t s t he 
change i n  t he beha v i or (be i ng t oo l oud ) of the ch i l dren? 
;\ .  Pos i t i ve re i n forcement 
B. Nega t i ve re i n f or cement 
c .  Pos i t i ve puni shmen t 
n .  Respon s e  cos t 
E .  Time out 
F .  Ext i nc t i on 
1 8 . React t he examp l e  anct p i ck t he concept tha t  app l i e s be s t . 
Be cky went t o  a par t y  and t r i ect a number of exot i c  f ru i t s  for t he 
f i rs t  t ime . Every t irne she t ook a b i t e  of k i w i  she irnned i a t e l y  f e l t 
i l l , w i t h  t he pa i n  l as t i ng a f ew m i nu t es . She kept eat i ng o t her 
fru i t s  bu t cii d  no t ea t anymore k i wi . Wh i ch concept bes t f i t s the 
change in Reeky ' s  beha v i or ( ea t i ng kiwi ) ?  
A .  Pos i t i ve re i nforcemen t  
B. Negat i ve r e i nf orcemen t 
c .  Pos i t i ve pun i shnen t 
D .  Nega t i ve pun i shmen t 
E .  Response cos t 
1 9 .  Read t he examp l e  and p i ck t he concept t ha t  app l i es be s t . 
Fred and Wi lrm j us t  opened a new candy s tore on Magno l i a  Avenue . 
Everyt ime t hey bot h  wen t i n  t he back room a t  t he s ame t ime t hey cmne 
ou t f ron t on l y  to f i nd candy mi s s i ng .  Gradua l l y t hey s t opped go i ng 
in t he back room a t  t he s a�e t i�e . Wh i ch concep t bes t f i t s  t he 
change i n  Fred and Wi lma ' s  behavi or? 
A. Po s i t ive re i n f or cement 
R. Nega t ive re i n forcement 
c. Pos i t i ve pw1 i shment 
D. Response cos t 
E .  Time out 
F .  Ext i nc t i on 
20 . Read the examp l e  and p i ck t he concept t ha t  app l i es bes t . 
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Pau l got a new ki t t en .  He put t he k i t t en i n  t he k i t chen t o  s l eer , 
bu t one n i gh t  t he ki t t en s t a r t ed crying l oud l y  i n  t he midd l e  of t he 
n i gh t . F i na l l y Pau l go t out o f  bed and l e t  t he ca t i n  t he bedroom . 
Gradua l l y t he k i t t en began cry i ng l oud l y  rrore o f t en ,  and Pau l kept 
get t i ng up to l e t t he k i t t en in t he bedroom . Wh i ch concept bes t  f i t s 
t he change i n  t he behav i or of Pau l ' s  CAT? 
A. Pos i t i ve re i n f orcement 
B. Nega t i ve re i n forcement 
c .  Pos i t ive pun i shrnen t 
n. Nega t i ve pun i sh:nen t 
E .  Response cos t 
F .  Time out 
G .  Ext i nc t  i on 
2 1 . Read t he examp l e  and p i ck t he concept tha t app l i e s be s t . 
L i ndsey ' s  mother a l ways ye l l ed and s c reamed . One day , when her 
mo t her was ye l l i ng ,  L i ndsey ye l l ed back at he mo t he r . \Vhen she di d 
t ha t  her mo t her s t opped scream i ng and wa l ked away .  TI1 i s  happened 
once in a whi l e  unt i l  L i ndsey no l onger ye l l ed back at her mo t her . 
Whi ch concep t bes t f i t s the change i n  L i ndsey ' s behav i or? 
A. Pos i t ive re i n forcement 
B.  Nega t ive re i n f orcement 
c .  Pos i t i ve puni shmen t 
D .  Nega t i ve pw1 i shmen t 
E .  Ext i nc t i on 
22 . Wh i ch o f  t he fol l �ving i s  a de f i ni t i on for pos i t ive 
re i nforcement ?  
A .  When a behavior occurs i t  i s  fol l owed by the pres en ta t i on of 
st inm1l i ,  and the rat e  or s t rength o f  t he behav i or decreases . 
B. When a behavi or occurs i t  i s  fol l owed by the reroova l of s t  irnul i ,  
and the ra t e  or s t rength o f  t he behavi or i ncrea se s . 
C .  When a behavi or occurs i t  i s  fol l owed by the absence of fonmer l y  
re inforc i ng s t imul i ,  and the ra t e  o f  s t rength o f  the behav i or 
decreases . 
D .  When a behavior occurs i t  i s  fol l owed by the presen t a t i on of 
s t inm1 l i ,  and the rat e  of s t rength o f  t he behav i or i ncreases . 
E .  When a behav i or occurs i t  i s  fol l owed by the remova l or 
unava i labi l i ty of s t  irnul i ,  and t he ra t e  or s t rength of t he behavior 
decreases . 
F .  When a behavi or occurs i t  i s  fol l owed by the tmava i l abi l i ty of 
s t inm1l i ,  and t he rat e  or s t rength o f  t he behav i or decreases . 
G.  When a behavior occurs i t  i s  fol l owed by the re!IDva l of s t imu l i ,  
and the ra t e  or s t rength of t he behavi or decreases . 
23 . Whi ch of the fol l owing i s  a de f i ni t i on for pos i t ive pun i shnent ?  
A .  When a behavi or occurs i t  i s  fol l �ved by the presen ta t i on of 
s t imul i ,  and the ra t e  or s t rengt h  of the behavior decreases . 
B. When a behavi or occurs i t  i s  f o l l �ved by the reroova l o f  s t  i'Thll i ,  
and the ra t e  or s t rength of the behavior increa ses . 
C .  When a behav i or occurs i t  i s  f o l l �ved by t he absence o f  forme r l y  
re infor c i ng s t imul i ,  and the ra t e  of s t rength of t he behavi or 
decrea ses . 
D .  When a behavior occurs i t  i s  fol l owed by the presen t a t i on of 
s t imul i ,  and t he rat e  o f  s t rengt h  of the behav i or i ncreases . 
E .  When a behavi or occurs i t  i s  fol l owed by t he re1ooval or 
unava i l a bi l i ty o f  s t imul i ,  and t he ra t e  or s t reng t h  of t he behavi or 
decrea s e s . 
F .  When a behavi or occurs i t  i s  fol l owed by t he tmava i labi l i ty of 
s t imu l i ,  and t he ra t e  or s t rength o f  t he behav i or decreases . 
G .  When a behavior occurs i t  i s  fol l owed by the re;oova l of s t imu l i ,  
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24 . �1 i ch o f  t he f o l l �v i n� i s  a de f i n i t i on f or t ime ou t ?  
1\ .  When a behav i or occurs i t  i s  fol l owed. by t he presen t a t i on of 
s t i mu l i ,  anrl. the ra t e  or s t reng t h  o f  t he behavior rl.ecrea s es . 
B. When a beha v i or occurs i t  i s  f o l l owed. by t he remova l of s t imu l i ,  
and the ra t e  or s t r eng th o f  t he behav i or i ncrea s es . 
C .  When a beha v i or occurs i t  i s  f o l l owed. by the absence of forme r l y  
re i n f orc i ng s t imul i ,  anrl. the ra t e  o f  s t rength o f  t he behav i or 
rl.ecrea s e s . 
D .  When a behav i or occurs i t  i s  f o l l owed. by the pre s en t a t i on of 
s t imu l i ,  and t he ra t e  o f  s t reng t h  o f  t he behav i or i ncrea s e s . 
E .  When a behavior occurs i t  i s  fol l owed by the unava i l abi l i ty o f  
s t i�1l i ,  anrl. t he ra t e  or s t reng t h  of t he behavi or rl.ecrea s es . 
F .  When a behavior occurs i t  i s  f o l l owerl. by the r emova l of s t irml l i ,  
anrl. t he ra t e  or s t rength o f  t he belmv i or decrea s e s . 
25 . Whi ch of the fo l l owing i s  a rl.ef i n i t i on for nega t i ve 
r e i nfor cemen t ?  
1\ .  When a beha v i or occurs i t  i s  fol l owerl. by t he pre s en t a t i on o f  
s t im1l i ,  anrl. t he ra t e  or s t rength o f  t he behav i or decrea s es . 
B .  When a behavior occurs i t  i s  f o l l owed by the re�nova l of s t imul i ,  
and the ra t e  or s t rength o f  t he behav i or i ncrea s e s . 
C .  When a beha v i or occurs i t  i s  fol l owed by the absence of former l y  
re i n f or c i ng s t imu l i ,  anrl. the ra t e  o f  s t rength o f  t he behavior 
decrea s e s . 
D .  When a beha v i or occurs i t  i s  f o l l owed. by t he pre s en t a t i on o f  
s t imu l i ,  anrl. the ra t e  o f  s t rength o f  the beha v i or i ncrea s es . 
E .  When a behavior occur s i t  i s  f o l l owed. by t he re,nova l or 
tinava i l ab i l i t y o f  s t imul i ,  and the ra t e  or s t reng t h  of t he beha v i or 
decrea s e s . 
F .  When a beha v i or occurs i t  i s  fol l owerl. by the lmava i l ab i l i ty o f  
s t imu l i ,  and t h e  ra t e  o r  s t reng t h  o f  t he beha v i or decrea s e s . 
G .  When a beha v i or occurs i t  i s  f o l l owed by t he remova l of s t imul i ,  
and t he rat e or s t rength o f  t he behavi or decrea s e s . 
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26 . Wh i ch o f  t he f o l l �v i ng i s  a de f i ni t i on for re spons e  cos t ?  
A .  When a h0havi or occurs i t  i s  fol l owed by the p re s en t a t i on of 
s t imul i ,  and t he ra t e  or s t reng t h  o f  the behav i or decrea s e s . 
B. When a behavi or occurs i t  i s  fol l owed by t he remova l o f  s t imu l i ,  
and the ra t e  or s t reng th o f  t he behavi or i ncrea s e s . 
C .  When a behavior occurs i t  i s  fo l l owect by the absence of former l y  
re i nforc i ng s t imu l i ,  and t he ra t e  o f  s t rength o f  t he behav i or 
<iecrea s e s . 
D .  When a behav i or occurs i t  i s  f o l l owed by the presenta t i on o f  
s t imul i ,  an<i t he ra t e  o f  s t rength o f  the behav i or i ncrea s es . 
E .  When a behavior occurs i t  i s  f o l l owed by t he una va i l ab i l i ty o f  
s t imu l i ,  and the ra t e  o r  s t reng t h  o f  the behav i or ctecrea s e s . 
F .  When a behav i or occurs i t  i s  f o l l owed by the remova l o f  s t imul i ,  
and the ra t e  or s t rength o f  t he beha v i or decrea s e s . 
2 7 . Wh i ch of t he f o l l ow i ng i s  a de f i n i t i on for ext i nc t i on? 
A. When a behavi or occurs i t  i s  f o l l �ved by t he p re s en t a t i on o f  
s t imu l i ,  and t he ra t e  o r  s t reng t h  of the behav i or decrea s e s . 
B. When a beha v i or occurs i t  i s  f o l l �ved by t he remova l o f  s t imul i ,  
and the ra t e  or s t reng t h  of the behav i or i ncrea s e s . 
C .  When a behav i or occurs i t  i s  f o l l �ved by the absence o f  f ormer l y  
re i n forc i ng s t  i1ru l i ,  and the ra t e  o f  s t reng t h  o f  t he behavior 
decrea s es . 
D .  When a behavior occurs i t  i s  fo l l owed by t he pre s en t a t i on o f  
s t inn1 l i ,  and the ra t e  o f  s t rength o f  t he behav i or i ncreas es . 
E .  When a behav i or occurs i t  i s  f o l l owed by t he remova l or 
unava i l abi l i t y o f  s t inn1 l i ,  and t he ra t e  or s t reng t h  of t he behav i or 
decrea s e s . 
F .  When a behavior occurs i t  i s  fol l owed by the unava i l abi l i ty of 
s t imul i ,  and the ra t e  or s t reng t h  o f  t he behav i or decrea s e s . 
G .  When a behavi or occurs i t  i s  fol l owed by the remova l of s t hrul i ,  
and the ra t e  or s t rength o f  t he behavi or decrea s e s . 
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28 . Whi ch o f  the f o l l �ving i s  a def i ni t i on f or nega t i ve pw1 i shmen t ?  
I\ .  When a behavior occurs i t  i s  fol l owed by the presen t a t i on of 
s t imul i ,  anrt t he ra t e  or s t rength of the behavi or decreases . 
B. When a behavior occurs i t  i s  fol l owed by t he rerrova l of s t imul i ,  
and the ra t e  or s t rength o f  t he behavi or increases . 
C .  When a behavior occurs i t  i s  fol l owed by the absence of fo�er l y  
re i nforc i ng s t imul i ,  and the ra t e  o f  s t rength o f  t he behavi or 
decreases . 
D .  When a behavi or occurs i t  i s  fol l owed by t he presen t a t i on of 
st imul i ,  and t he rat e  of s t rength of the behav i or i ncreases . 
E .  When a behavior occurs i t  i s  fol l owed by the rerrova l or 
tmava i l abi l i ty of s t imul i ,  and the ra t e  or s t rength o f  t he behav i or 
decrea ses . 
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APPENDIX D 
INVEN1UW OF LEARNIN:l Prn:::ESSES 
The I nven tory of Learn ing Processes ( I LP )  was deve l oped by 
Schmeck , Ramana i ah , and Ribi ch ( 1 9 7 7 ) .  The I LP i s  admini s t ered wi t h  
an answer shee t tha t  l i s t s  t he numbers 1 to  7 2 , wi th "T" and " F "  ( for 
t rue and fa l s e )  wr i t ten bes i de each numbe r .  The di rec t i ons on the 
answer sheet read "Pl ea s e  respond t o  each i t em in t erms of i t s  
use fulnes s for you in prepa r i ng for an a s s i gn�ent or examina t ion .  
C i rc l e T for t rue and F for fa l se a s  t he i t em app l i es t o  you . "  The 
d i re c t ions on t he I LP s t a t e  rroo no t rmr"k on thi s inven tory . "  The I LP 
i t ans a re p r i nt ed be l ow.  
1 .  When s t udyi ng for an exam, I prepare a l i s t of probabl e  ques t  i ons 
and answers . 
2 .  I have t roub l e  �king inferences . 
3 .  I n  genera l ,  I th ink mos t t extbooks are easy t o  read . 
4 .  I increase ;ny vocabul ary by bui l d i ng l i s t s  o f  new t e rms .  
5 .  I am very good a t  l ea rn i ng for-m1 l 11<> , na11es and da tes . 
6 .  New concept s  rare l y  rmke my think of mmy other s i mi l a r  concep t s .  
7 .  Even when I f e e l  tha t  I ' ve l earned the ma t er i a l , I cont i nue t o  
s t udy i t .  
8 .  I have t roub l e  organi z i ng t he informa t i on tha t  I remember .  
9 .  Even when I know I have carefu l l y  l earned the ma t er i a l , I have 
t roub l e  remember ing i t  for an exam . 
1 0 . When taking not es ,  I wr i t e down a l l  i deas rega rd l ess of whe t her 
I think t ha t  they ' re impor t ant . 
1 1 . I rmke s i mp l e  cha r t s  and ct i a grarns to he l p  me remember rm t er i a l . 
1 2 .  I rare l y  wr i t e an out l ine o f  the ma t er i a l  I read . 
13 . I do no t t ry to  convert  fac t s  into " ru l es of t humb . " 
1 4 . I do we l l  on t es t s  requi r i ng de f i ni t i ons . 
1 5 . have a l ousy memory for " t r i v i a . "  
1 6 .  usua l ly refer to severa l sources in order to  uncters t and a 
concep t .  
1 7 . I t ry to  res o l ve conf l i c t s  be tween informa t i on obt a inect from 
d i f ferent sources . 
1 8 . I l earn new words or i dea s by v i sua l i z ing a s i tua t i on in  whi ch 
they 
1 9 . 
20 . 
2 1 . 
occur . 
I spend l es s  t ime s tudy ing t han mos t of my f r i ends . 
I l earn new concep t s  hy express ing t hem i n  my own worcts . 
I o f t en men:nr i z e  rm t er i a l  t ha t  I don ' t uncters t and .  
22 . For exams , I memor i z e the ma t er i a l  as gi ven i n  t he t es t  or c l ass  
not es . 
23 . I care ful l y  conp l e t e  a l l course ass i gn�ent s .  
24 . I have d i f f i cu l ty p l aru1 i ng work when confront ed wi th a conp l ex 
task . 
25 . I "deba t e" wi th the rm t e r i a l  as  I s tudy i t .  
2 6 . I rernemher new words and i deas by a s soc i a t i ng thern wi th words 
and i deas I a l ready knrnv. 
2 7 . I revi ew course rm t er i a l  per i od i ca l l y  dur i ng t he quar t er .  
2 8 . I o f t en have d i f f i cu l t y f i nd i ng the r i ght  words for expres s ing 
my i deas . 
2 9 . Toward the end of a cours e ,  I prepare an overvi ew o f  a l l 
ma t er i a l  covered . 
1 0 5  
3 0 . I can eas i l y hand l e  '1ues t i ons requ i -r i ng canpa r i son to  d i f f eren t 
concept s .  
3 1 . I rare l y  read beyond wha t i s  ass i gned i n  c l a s s . 
3 2 . I have d i f f i cul ty l earn i ng hrnv to s tudy for a course . 
3 3 . I rare l y  s i t  and t h i nk about a un i t of ma t er i a l  whi ch I have 
j us t  l ea rned . 
34 . For me , no t e  taking i n t er feres wi t h  comprehens i on so I take f ew 
not es and l i s t en more . 
3 5 . I have a regu l a r  p l ace to  s t udy . 
36 . I read cri t i ca l l y .  
37 . I "daydream" about things I ' ve s t ud i ed .  
38 . I do poorl y  on comp l e t i on i t ens . 
3 9 . I rare l y  use a di c t i ona ry . 
4 0 . I can usua l l y  es tabl i sh the mean i ng of an tmfami l i ar word from 
the con t ext i n  whi ch i t  i s  pre s ent ed . 
4 1 .  I l earn new i deas by re l a t i ng them to s imi l a r  idea s . 
4 2 . When l ea rn i ng a uni t  of ma t er i a l , I usua l ly stmmer i ze i t  i n  my 
own words . 
43 . I ma in t a i n  a da i l y schedu l e  of s tudy hours . 
44 . I t h i nk fas t . 
45 . Whi l e  l ea rn i ng new concept s  the i r  prac t i ca l app l i ca t i ons don ' t 
usua l l y cone t o  my mind .  
46 . I ge t good grades on t e rrn  papers . 
4 7 . I ' d ra ther read about a concept t han t a l k  about i t . 
4 8 . Ge t t i ng fYJYs e l f to beg i n  s t udy i ng i s  usua l l y  di f f i cu l t .  
4 9 .  I have d i f f i cu l ty loca t i ng pa rt i cu l ar pa s sages i n  a t extbook 
when necessary .  
5 0 . I can usua l l y  formu l a t e  a good gues s  even when I don ' t  know the 
answer .  
5 1 . I have t roub l e  remernher i  ng de f in i t i ons . 
5 2 . I wou l rl  ra ther read a sumnary o f  an art i c l e  t han the or i g i na l  
art i c l e .  
5 3 . Whi l e  s t udy i n g ,  I at t empt t o  f ind answers t o  que s t i ons I have i n  
mind .  
54 . I can usua l l y  s t a t e  the under l y i ng mes sage o f  f i lms and 
read i ngs . 
5 5 . I do no t usua l l y  work throu� h pra c t i ce exerc i s es and samp l e  
prob l ems .  
56 . I f ind i t  d i f f i cul t to  hand l e  ques t i ons requ i r i ng cr i t i ca l  
eva l ua t i on .  
5 7 . When I rehearse some t h i ng ,  I usua l l y  j us t  repea t i t  over and 
over t o  my se l f .  
58 . I have regular week l y  rev i ew per i ods . 
5 9 .  I do we l l  on exams requ i r i ng rrmch fac tua l informat i on .  
60 . Mos t  o f  :ny i ns t ruct ors l ec t ure t oo fas t . 
61 . I rare l y  l ook for reasons beh i nd the fac t s .  
6 2 . I cram for exa�s . 
63 . I need 11 su11Tiary s t a t ement a t  the end of a l ec ture . 
64 . When I s t udy sone t h i ng ,  I dev i se a sys t em  for reca l l ing i t  
l a t er .  
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65 . I have t roub l e  see i ng the d i f ference be tween apparen t l y  s imi l a r  
i deas . 
66 . I a l ways rm.ke a spec i a l  e f fort to  ge t a l l the de ta i l s .  
67 . I prep11re a set  of not es i nt egra t ing the i nforma t i on from a l l 
sources i n  a course . 
68 . �� me�ry i s  actua l l y  pre t t y poor . 
69 . I am rare l y  abl e  t o  des i gn procedures for s o l v i ng prob l ems .  
7 0 . I do we l l  on es say t e s t s . 
7 1 . I rare l y  use the l ibrary . 
72 . I need t eachers '�10 g i ve a l o t  of exmnp l es . 
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APPENDIX E 
'IHE INF'C"H\llil) CrNSENT SHEET 
We a r e  a s k i n g yo u r  p e rm i s s i o n t o  t a k e  p a r t  i n  r e s e a r c h  o n  t h e  
e f fe c t i v e n e s s o f  e r r o r  c o r r e c t i o n p r o c e d ur e s  1 n  c omp uter a s s i s t e d  i n s t r uc t i o n . 
Y o u  w i l l  be a s k e d  t o  t a k e  a b r i e f  p r e t e s t ,  to a n swer q ue s t i o n s  a bo u t  l ea r n i n g 
p r a c t i c e s  a n d  p r e f e r e n ce s , a n d  t o  r u n  a comp u t e r  a s s i s t e d  i n s t r u c t i o n l e s s o n  
t h a t  t e a c h e s  s e v e n  c o n c e p t s  f r om t h e  f i e l d o f  psych o l o gy o f  l ea r n i n g .  Y o u  
w i l l  t h e n  b e  g i v en a paper a n d  p e n c i l test o n  t h e  c o n c e pt s .  Y o u  w i l l  b e  a s k e d  
t o  r e t u r n  two t o  f o u r  wee k s  l a t e r  t o  t a k e  a n o t h e r  p a pe r  a n d  p e n c i l  t e s t . 
P a r t i c i p a t i o n  t i me i s  e s t i m a t e d  t o  be two t o  f o u r  h o ur s  o n  t h e  f i r s t  day a n d  
u p  t o  o n e  h o ur w h e n  yo u r e t u r n  f o r  t h e  l a s t  t e s t . 
Y o u r  performa n c e  a n d  s c o r e s  w i l l  b e  k e p t  con f i d en t i a l  a n d  w i l l  b e  
a s s o c i a t e d  w i t h a n umer i c a l  code , r a t h e r  t h a n  your n ame . Y o u  may w i t h dr aw 
f r om t h e  i n v e s t i g a t i o n a t  a nyt i me w i t ho u t p e n a l ty .  
S TATEMENT OF P E RM I S S I O N 
I u n d e r s t a n d  t h a t  t h i s r e s e a r c h  i s  be i n g c o n d u c t e d  by W i l l i am B .  A l l e n 
a n d  Dr . R i c h a r d  S a u d a r g a s  i n  t h e  P s y c h o l o gy D e p a r tmen t a t  t h e  Un i v e r s i t y o f  
T e n n e s s ee , K n ox v i l l e . I h a v e  r e a d  t h e  p r o j e c t  d e s c r i p t i o n a n d  u n d e r s t a n d  t h a t  
i t  i s  a t r u t h f u l  r e p r e s e n t a t i o n o f  w h a t  I a m  r e q u es t e d  t o  d o .  I c o n s e n t  t o  
p a rt i c i p a t e  i n  t h i s proj e c t  w i t h  t h e  u n d er s t a · . d i n g t h a t  my c o n s e n t  a n d / o r  my 
d a t a  may be w i t h d r aw n  at a n y  t i me w i t h o ut p e n a l t y .  I f u r t h er u n d e r s t an d  t h at 
my p a r t 1 c i p at i o n i n  t h i s  r e s e a r c h  i s  on a v o l u n t ary b a s i s .  I f  I h a v e  
q u es t i o n s  r e g a r d i n g  m y  p a r t i c i p a t i o n ,  now or l at e r ,  I c a n  c o n t a c t  a n y  o f  t h e  
pers o n s  l i s t e d  b e l ow . 
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VITA 
Wi 1 1  i am  Bruce Al l en wa s  born i n  Dayton , Ohio on Oc tober 22 , 
1 9 5 8 . He rooved t o  Memph i s ,  Tennes see in 1 9 6 9 . I n  1 9 7 9  he earned a 
Bache l or of Art s  degree i n  Hurmn Deve l opnent and Lea rn i ng fran 
Chr i s t i an Bro thers Co l l ege . He ent ered the Un ivers i ty of Tenne s s ee , 
Knoxv i l l e in 1 98 1 .  A Mas t er ' s  degree was awarded in Augus t ,  1 9 8 3 . 
He con t i nued i n  h i s  s t ud i es and earned t he Doctor of Phi l osophy 
degree i n  June , 1 988 . 
The aut hor has been the Coord i na t or of Schoo l Psycho l ogy 
Servi ces a t  Cherokee Men t a l  Hea l th Cen t er s i nce Augus t ,  1 9 85 . He i s  
invo l ved in profess i ona l act ivi t i e s  and i s  curren t l y  co-cha i rman of 
the Profes s i ona l S t andards and Revi ew (Ethi c s )  Commi t t ee of the 
Tennes s ee As soc i a t i on of Schoo l Psycho l ogi s t s . 
